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ABSTRACT
The s e a rc h  for a chem ical con tro l for pink ro o t  began w ith  the 
lab o ra to ry  testing of 46 chem icals for th e ir  phytotoxicity tow ards onion 
seed . F ifteen of these m a te r ia ls  w ere te s te d  in the greenhouse and stand  
counts of onion seedlings in pots t r e a te d  w ith them  indicated tha t only 2 
out of the 15 w ere phytotoxic at concentrations which did not in ju re  the 
onion seed  In V itro .
T h ir ty -e ig h t out of 54 chem icals  te s te d  by the a g a r  plate technique 
inhibited the pink roo t fungus to a degree tha t was highly s ignificant. Four 
other m a te r ia ls  produced significant inhibition.
The conventional f i l te r  paper disc technique was modified so that 
these  54 fungicides could be te s te d  ag a in s t  P y renochae ta  t e r r e s t r i s . The 
re su l ts  showed that 25 of the 54 m a te r ia ls  yielded highly s ignificant r e ­
sults and 3 of them  yielded s ignificant r e s u l t s .  Twenty of these 25 fungi­
cides produced s im ila r  re su l ts  when te s ted  by both methods.
Tw enty-three  out of 50 fungicides te s ted  in sand cu ltu re  reduced  the 
incidence of pink root to one p e r  cent or l e s s .
T hree  s e r ie s  of fie ld  te s ts  put out over a 2 yea r  p e r io d  w ere not 
successfu l due to the lack of pink roo t developm ent.
Twenty-two out of 29 chem otherapeutants  te s te d  by the ag a r  plate 
method caused  highly significant inhibition of P y renochae ta  t e r r e s t r i s .  
However only 8 of the 29 produced s im ila r  r e su l ts  when te s ted  by the 
modified f i l te r  paper d isc  technique.
The 29 chem otherapeu tan ts  w ere  te s te d  in the g reenhouse  by i m ­
m ers in g  pots of onion seed lings in so lu tions of these  m a te r ia ls  for v a r y ­
ing lengths of t im e . T hese  te s ts  gave no positive  r e s u l t s  b ecau se  the 
iso la te  l a te r  u se d  to in fe s t  the sand had lo s t  its  pa thogen ic ity .
T hese  29 m a te r ia ls  w ere  a lso  te s te d  as d ren ch es  in sand  c u l tu re .
None of them  red u ced  the incidence of pink ro o t to  one p e r  cen t o r  l e s s .
A num ber of chem otherapeu tan ts  w ere  a ls o  te s te d  in the f ie ld  bu t 
the r e s u l t s  of these  te s ts  w ere  la rg e ly  n ega tive . However in a few i s o ­
la ted  instances  a s ign if ican t reduc tion  of pink ro o t  was ev iden tly  ach ieved .
T w en ty -th ree  w etting, s tick ing , and p en e tra t in g  agents were te s te d  
in o rd e r  to find a m a te r ia l  tha t would in c re a s e  the am ount of s tre p to m y c in  
su lfa te  th a t  would adhere  to  onion p lan ts  and p e n e tra te  the e p id e rm is .  Only 
one of these  m a te r ia ls  gave r e s u l t s  of any va lue . The u se  of the so lv en t 
f ro m  Goodrite Vinyl R e s in  Latex  S ticker  r e s u l t e d  in a r e c o v e ry  of 13 ppm . 
of s trep to m y c in  sulfate f ro m  the sap  of onion p lan ts  sp ra y e d  with a so lu tion  
of th is  m a te r ia l  plus the an tib io tic .
A te s t  was made of the uptake of s t re p to m y c in  su lfa te  by young onion 
p lan ts  but the r e s u l ts  w ere  quite c o n tra d ic to ry  and  did not f a l l  into any 
definite p a t te rn .
C u ltu ra l s tud ies  of P y re n o c h a e ta  t e r r e s t r i s  included a pa thogen ic ity  
d e te rm in a tio n  fo r  91 m y c e lia l  iso la te s  f ro m  one in fe s te d  fie ld . It was 
found tha t the iso la te s  v a r ie d  a g re a t  deal in th e i r  ab il i ty  to a t ta c k  onion 
r o o t s .
ix
F if teen  single spore  iso la tes  f ro m  a single pycnidium  produced  In 
V itro by a highly pathogenic culture  of P y ren o ch ae ta  t e r r e s t r i s  were found 
to be highly pathogenic. The av erag e  d isease  index for the group as a 
whole was 100.0, com pared  to 87.2 for the p a ren t  iso la te .
A s tudy  was undertaken  of the grow th of 3 iso la te s  of the pink roo t 
fungus a t  pH levels  4, 6, and  8 in m odified G zapek 's  m edium . One iso la te  
g rew  significan tly  be tte r  than  the other two and the b e s t  growth of the 3 
iso la te s  was made a t  pH 8.
N inety-one m ycelia l  iso la tes  of P y ren o ch ae ta  t e r r e s t r i s  w ere grown 
on beanpod agar s lan ts  for 57 days. E ight iso la te s  p roduced pycnidia and 
10 o thers  produced  pycnid ium -like  bodies c h a ra c te r iz e d  by a lack  of 
sp o res  and se ta e .  The m ean d isease  index for the 18 iso la tes  which had 
p roduced  s t ru c tu re s  of e i th e r  type was m uch higher than the index fo r  the 
73 tha t p roduced  n e ith e r  pycnidia nor pycnid ium -like  bodies.
x
INTRODUCTION
Pink root is one of the m ore  serious d iseases  of onions and sha llo ts . 
It a lso  affects m ost of the species of the genus A llium  as well as many- 
other unre la ted  plants. The d isease  was f i r s t  rep o r ted  fro m  Texas in 
1917 and subsequent rep o r ts  have shown that it is found in onion growing 
a re as  around the world.
Here in Louisiana pink roo t is im portant because of the acreage in 
the sou theaste rn  p a r t  of the sta te  devoted to the production of shallo ts .
This state produces a t le a s t  90 per  cent of a l l  the shallots grown in the 
United S ta te s . The shallot industry  began in Louisiana about 1900 in 
Jefferson and St. B e rn a rd  P a r is h e s ,  At the p re sen t  tim e, the p rinc ipa l 
shallot growing a re a s  a re  LaFourche , A voyelles, St. M artin , St.
B ernard , and St. James P a r i s h e s .  The production of onions c o m m e r­
cially in Louisiana is very  sm a ll .  Most of the onions produced in this 
state a re  grown in home gardens for local consumption.
Two crops of shallots a re  norm ally  produced in Louisiana each y e a r .  
The fall crop is produced fro m  bulbs ("seed"} planted fro m  August through 
October. The second crop  is obtained from  g reen  transp lan ts  saved fro m  
the fa ll  crop and planted during ea r ly  w in ter. The bulk of Louisiana 
shallots a re  c ra ted  and iced a t  local ra ilheads for shipm ent to northern  
m arkets  from  the beginning of October to the beginning of May.
Pink  ro o t is favo red  by w arm , d ry  w eather and  under th ese  cond i­
tions i t  can be se v e re  enough to p rev en t the f a rm e r  f ro m  m aking a  s a t i s ­
fa c to ry  c ro p . Infected p lants exhib it tip burning which in se v e re  ca se s  
is followed by stun ting  and yellowing. In conjunction w ith th ese  ab o v e ­
g round  sy m p to m s, roo ts  of in fec ted  p lan ts  becom e pink and eventually  
r o t .
No s a t is fa c to ry  chem ica l co n tro l  for pink roo t is in use  a t  the 
p re s e n t  t im e .  C rop  ro ta tio n  in L ou isiana  is of little  value on m ost f a rm s  
b ecause  th e re  is  insuffic ien t land  av a ilab le .  A r e s i s ta n t  sh a l lo t  r e c e n t ly  
r e le a s e d  by the L .S .U .  D ep artm en t of H orticu ltu re  has not y e t  found 
g e n e ra l  accep tance  by the sh a llo t  g ro w e rs  because  of its  c o a rs e  grow th  
and l im ited  m a rk e t  dem and. H ow ever, th is sh a llo t  v a r ie ty  is being 
r a th e r  ex tensive ly  grown in som e a r e a s ,  e sp e c ia l ly  for the e a r ly  fa ll  
c ro p . M ost sh a l lo t  f a r m e r s  a t tem p t to com bat pink ro o t  by using  this 
r e s i s t a n t  sh a llo t .
This s tudy was un d e rtak en  to  find a ch em ica l  co n tro l  fo r  the d isea se  
and  to investiga te  s e v e ra l  face ts  of the behav io r  of the c a u sa l  fungus. A 
num ber of e x p e r im en ta l  fungicides w ere  s tud ied  in la b o ra to ry ,  g r e e n ­
house, and f ie ld  te s ts  w ith  a  dual pu rpose  in mind;
1. to d iscover  a  ch em ica l,  p re fe ra b ly  a  n o n m e rc u r ia l ,  th a t  would 
co n tro l  pink ro o t .
2. to  d e te rm in e  w hether a c o r re la t io n  betw een la b o ra to ry ,  g r e e n ­
house, and fie ld  te s ts  would r e s u l t  in le ssen ing  the n e c e s s i ty  fo r  ex tensive
field te s ts  which a re  tim e consuming, expensive, and dependent on the 
vagaries  of the w eather.
Although it may be sa id  that p rac t ica l  con tro l of pink ro o t by 
chem otherapeutic  means is a long way off, investigations were begun 
to find out something about ce r ta in  aspec ts  of chem otherapy  as applied 
to the pink ro o t  fungus and onions and shallo ts per  s e . A study was 
under taken of the ab ility  of a num ber of chem otherapeutants to k ill  the 
cau sa l  o rgan ism  In Vitro and a lim ited  num ber of te s ts  were run  to d e te r ­
mine the likelihood of controlling the d isease  in the field . Work was a lso  
begun on the use of some of these m a te r ia ls  by fo lia r  application and roo t 
up take .
C ultu ra l studies of the p a ra s i te  included investigations of its pa tho­
genicity, production of pycnidia, and grow th of s e v e ra l  iso la tes  a t  d if fe r ­
ent pH le v e ls .
LITERATURE REVIEW
H is to ry  of the D ise a se
The f i r s t  p u b lish ed  r e p o r t  of pink ro o t  is  c r e d i te d  to T aubenhaus 
(45). He r e p o r te d  in 1917 th a t  a d is e a se  c a l le d  pink ro o t  was causing  
s e v e re  lo s s e s  to onion f a r m e r s  in one county in T e x a s .  In a m o re  e x ­
ten s iv e  r e p o r t  p u b lished  in 1921, T aubenhaus and M ally  (46) s ta te d  th a t  
the d ise a se  had c a u se d  la rg e  lo s s e s  in T exas  s ince  1906 and was a 
s e r io u s  th r e a t  to  the p ro d u c tio n  of onions on in fe s ted  la n d s .  The au th o rs  
m entioned  th a t  they  had obta ined  d is e a s e d  sp ec im en s  f ro m  C a lifo rn ia ,  
W isconsin , Iowa, New York, the B e rm u d a  Is lan d s , and  New O r le a n s , . 
L o u is ian a .  T hey  a lso  r e p o r te d  th a t  p r a c t ic a l ly  a l l  sp e c ie s  of A ll iu m  
w ere  su scep tib le  to  pink ro o t .  E d g e r to n  (14) r e p o r te d  in  1921 th a t  the 
d is e a se  was quite com m on in L o u is ian a  and  th a t  the e x p e r im e n t  s ta t io n  
had r e c o r d s  of i ts  o c c u r re n c e  going b ack  to  1909.
In la te r  y e a r s ,  pink ro o t  has been  r e p o r te d  f ro m  a l l  p a r t s  of the 
w o rld  and  has b een  found to a t ta c k  sp e c ie s  outside the genus A ll iu m . 
H ansen  (26) iso la te d  the pathogen f r o m  ro o ts  of cow peas , l im a  b e a n s ,  
and  po ta to  s e e d p ie c e s .  Sprague (41) s ta te d  th a t  the c a u s a l  o rg a n is m  of 
pink ro o t  shou ld  be c o n s id e re d  a  m ino r  w eak p a ra s i te  and  sap ro p h y te  on 
the u n d e rg ro u n d  o rgans  of m any  g r a s s e s ,  c e r e a l s ,  and  o th e r  ho s ts  in  
N o r th  Dakota and  su rro u n d in g  s t a t e s .  H elen Johann (31) iso la te d  the
pathogen along with other fungi f ro m  pink co lo red  ro o ts  of yellow dsnt co rn  
grow n a t  M adison, W isconsin . C a rv a ja l  (6) was a lso  su c c e ss fu l  in  i s o ­
la t in g  the fungus f ro m  the ro o ts  of c o rn . In addition , he obtained i t  f ro m  
the ro o ts  of s e v e ra l  su g a r  cane v a r ie t ie s  and  sw ee t c lo v e r .  T im s (51) 
obtained iso la te s  f ro m  the ro o ts  of s e v e r a l  w eeds, g r a s s e s ,  c o rn , s o y ­
b ean s , and  tom atoes growing in in fested  so i l .  T hese  iso la te s  w ere  the 
sam e  in c u l tu ra l  c h a ra c te r s  and sym ptom  e x p re s s io n  on onion seed lings 
and  s im i la r  in other r e s p e c ts  to iso la te s  obtained f ro m  infected  roo ts  of 
onions and  sh a l lo ts .  A lso , onion seed lings  grown in sand  in fes ted  with 
these  iso la te s  becam e in fec ted  with pink ro o t .  H ow ever, unlike the c a se  
with in fec ted  roo ts  of onions and  sh a l lo ts ,  the ro o ts  of these  o ther hosts  
w hich  y ie lded  the pathogen a p p e a re d  n o rm a l  in co lo r and  exh ib ited  no 
ty p ica l  le s io n s .  C ra ig  and  K oehler (8) r e c e n t ly  r e p o r te d  tha t  the pink 
ro o t fungus was the only sp ec ie s  of the 8 iso la te s  they  te s te d  which cau sed  
a  r e d  ro t  of the ro o ts  of co rn  se e d lin g s .
T im s (50) in a r e c e n t  su m m a ry  of pink ro o t ,  l i s t s ' th e  chief sym ptom s 
of the d ise a se  on sha llo ts  as  tip  burning followed in se v e re  ca se s  by s tu n t ­
ing, yellowing, and freq u en t  d iv is ion  of the p lan ts  into a num ber of s m a l l  
sh o o ts .  M ildly in fec ted  p lan ts  m ay have only a few d ise a se d  ro o ts  and 
li t t le  or no aboveground sy m p to m s . M ore s e v e re ly  in fec ted  p lan ts  show 
the stunting and yellowing of the tops with m o s t of the ro o ts  a ffec ted . In 
L ou is iana , lo s se s  can be se v e re  during d ry  pe riods  but th e re  a r e  se r io u s  
lo s se s  each  y e a r  f ro m  the d is e a s e ,  p a r t ic u la r ly  in the e a r ly  fa l l  and la te
spring , when it is usually  dry . The d isease  kills or stunts plants and 
makes them  unsaleab le . The causa l o rgan ism  is soilborne and can live 
in the so il for many years  in the absence of sha llo ts . The pathogen lives 
over during the sum m er in the old, dry  roots on the dry s e ts ,  in addition 
to rem aining viable in the soil.
The Causal O rganism
Taubenhaus and Mally (46) made an extensive study of pink root. 
They mentioned in the ir  re p o r t  that onion grow ers in Texas a ttr ibu ted  
this d isease  to so il a lkalinity , the incorporation  of a g reen  cover crop 
into the so il, or th rip  infestation. However their  investigation d isc losed  
that none of these fac to rs  was capable of causing the d isease . They 
made over one thousand plate cu ltu res from  d iseased  onion roots  and 
iso la ted  over twenty-five fungi. Of this num ber only one species of 
F u sa riu m , tentatively  nam ed F u sa r iu m  m alli, was believed to be the 
chief cause of the d isease , S ideris  (39) published an extensive paper in 
which he dec la red  that the name of the fungus causing pink root was 
F u sa r iu m  cromyophthoron n. sp . Hansen (26) was unable to produce the 
d isease  under contro lled  conditions with F u sa r iu m  m alli or F u sa r iu m  
cromyophthor on. He a lso  found that while sh rive led , p a r t ly  decayed 
roots yielded many species of F u sa r iu m  and other so il o rgan ism s, pink, 
f i rm  roots surface s te r i l iz e d  in a 1:5000 solution of b ichloride of m ercu ry  
for 3 minutes consistently  yielded another fungus. Hansen was able to
s a t i s fy  K och 's  p o s tu la te s  fo r th is  fungus w hich  he n a m e d P h o m a  t e r r e s t r i s  
n . sp .  The pathogen was c la s s i f ie d  as  a new  sp e c ie s  b e c a u se  his iso la te s  
d if fe red  a good d ea l  in m orpho logy  and  c u l tu ra l  c h a r a c te r i s t i c s  f ro m  the 
c o m p a ra t iv e ly  few sp e c ie s  of P h o m a  w hich  a r e  l i s t e d  as ro o t  p a r a s i t e s  „ 
H ansen  (26) a ls o  show ed th a t  sp e c ie s  of F u s a r iu m  a c t  only as  s e c o n d a ry  
in v a d e rs ,  F r i e r s o n  (17) s tu d ied  pink ro o t  in  L o u is ian a  and  r e p o r te d  th a t  
the sp e c ie s  of P h o m a  w hich he is o la te d  f r o m  in fec ted  sh a l lo t  ro o ts  was 
id en tica l  w ith  th a t  iso la te d  by  H ansen  in C a lifo rn ia .
G o ren z , W alker, and  L a r s o n  (21) m ade an  extensive, s tudy  of the 
m orphology  and  taxonom y of the pink ro o t  fungus. They t r a n s f e r r e d  the 
pathogen f ro m  the genus P h o m a  to  the genus P y re n o c h a e ta  on the b a s is  of 
the se to se  n a tu re  of the pycn id ium . The nam e of the fungus w hich  cau se s  
pink ro o t  is now a c c e p te d  a s  P y re n o c h a e ta  t e r r e s t r i s  (H ansen) G o ren z , 
W a lk e r ,  and  L a rso n .
T hese  au th o rs  found tha t a l l  sp o ru la t in g  iso la te s  p ro d u ced  se to se  
pycn id ia  bu t the se ta e  on pycn id ia  p ro d u c e d  by d if fe ren t  i s o la te s  d if fe red  
in leng th , n u m b e r ,  and  p o s i t io n .  T h ey  n ev e r  found pycnid ia  fo rm e d  on 
d is e a s e d  ro o ts  in n a tu re .  T hey  did how ever find pycnid ia  p ro d u ced  by 
s e v e r a l  iso la te s  on the ro o ts  of p lan ts  grow n in sand  c u l tu re  and  in  so i l  
inocu la ted  w ith  a L ou is iana  i s o la te .  C a rv a ja l  (6) o b se rv e d  th a t  pycnid ia  
w ere  r e a d i ly  fo rm e d  b y  a l l  his iso la te s  when grow n on po ta to  d e x tro se  a g a r  
a t  r o o m  te m p e ra tu re  in subdued, n a tu r a l  light* H ansen  (26) had  r e p o r te d  
th a t  a lthough  the fo rm a tio n  of pycn id ia  was good on c o rn m e a l  a g a r ,  v e ry
8few pycnidia fo rm ed  when iso la te s  were grown on C zap ek 's ,  C onn 's ,
B o a rd  of Health, P f e f f e r 's ,  and o ther s im i la r  synthetic  m ed ia . F r ie r s o n  
(17) found th a t  som e of his iso la te s  would produce pycnidia when grown 
on co rn m ea l or bean a g a r ,  in o thers the production  of pycnidia was never 
observed .
Davis and H enderson (12) found that a pH range of 4. 2 to 7 .4  was 
m ost su itable  for the growth of the pink roo t fungus on potato a g a r .
G orenz, L a rso n , and W alker (22) s tud ied  the grow th  of s e v e ra l  iso la te s  
a t  pH leve ls  of 4, 6, and 8 on a m odified Hoagland 's solution solid ified  
with 20 g ram s  of ag a r  p e r  l i t e r .  It was found that th e re  w ere  no a p p r e ­
ciable d ifferences in grow th among the th ree  iso la te s  over the range of 
pH they used .
Gorenz e t.  a l .  (22) made a deta iled  s tudy of the v a r ia t io n  in p a th o ­
genicity  of iso la te s  co llec ted  f ro m  14 locations in 10 s t a te s .  T h e ir  c o m ­
p ara tiv e  s tud ies  showed tha t d isease  indices v a r ied  fro m  z e ro  to one 
hundred. They a lso  re p o r te d  that iso la tes  f ro m  a given loca lity  exhibited 
va r ia tio n  in th e ir  pathogenicity .
C ontro l of the D isease
Taubenhaus and M ally (46) t r i e d  to co n tro l  pink roo t by  dipping or 
soaking onion se ts  in copper su lfate and form aldehyde so lu tions; however 
this re su l te d  in injury and death  to the s e t s .  T re a tm en t  of the seed  beds 
with form aldehyde or s te a m  r e s u l te d  in the e rad ica t io n  of the d is e a se .  The
au th o rs  a lso  reco m m en d ed  a 3 to  4 y e a r  ro ta t io n ,  use  of land  not p rev io u s ly  
u se d  for onions, u se  of home grown s e t s ,  and l ib e ra l  app lica tions  of quickly 
ava ilab le  f e r t i l i z e r s .  T im s (50) poin ted  out th a t  ro ta tio n  is not p r a c t ic a l  
in L ou is iana  because  of the c o m p a ra tiv e ly  s m a l l  holdings of m o s t  of the 
f a r m e r s ,  and  the wide host range  of the pa thogen. He be lieves  th a t  the 
use of d is e a s e - f re e  p lan ting  m a te r ia l  is helpful bu t un infested  "seed "  
a r e a s  a r e  r a r e  and the d ise a se  is difficult to de tec t in d ry  s e t s .  F re e m a n  
(16) found tha t an tagon is tic  so i l  m ic ro o rg a n ism s  reduce  the s e v e r i ty  of 
pink ro o t  in c e r ta in  s o i l s .  He m entioned  the p o ss ib i l i ty  of b io log ica l co n ­
t r o l  of the d isease  th rough  an tib io s is  but so  fa r  th is has no t been  c a r r i e d  
any fu r th e r ,
T hom as and Lane (48) found th a t  the app lica tion  of Dowfume W -40, 
O rthocide  406, G oodrite  ZAC, P a r z a te ,  and Dithane Z -7 8  to in fes ted  
land  a t  the tim e of p lanting r e s u l te d  in  h igher y ields of onions than in 
the u n tre a te d  p lo ts .  T es ts  m ade by  T im s (50) w ith s e v e ra l  fungicides 
show ed tha t sh a llo t  se ts  and g re e n  tra n sp la n ts  w ere  quite sen s i t iv e  to in ­
ju ry  f ro m  the fungicide t r e a tm e n ts .  In ano ther  s e r ie s  of te s t s ,  T im s (49) 
t r i e d  P u ra t iz e d  A g r ic u l tu ra l  S p ray , b ich lo r id e  of m e rc u ry ,  S em esan , 
Spergon , Phygon, A ra s a n ,  and C e re sa n  as soaks and dusts  fo r  in fec ted  
s e t s .  The r e s u l t s  w ere  no t conc lus ive . T re a tm e n ts  th a t  w ere  effective  
in reduc ing  the incidence of d ise a se  a lso  cau sed  se v e re  in ju ry  to  the 
p la n ts .  F re e m a n  (15) c a r r i e d  out la b o ra to ry ,  g reen h o u se , and  fie ld  te s ts  
of 44 fungicides for co n tro l  of pink ro o t  of sh a l lo ts .  He r e p o r te d  tha t
S em esan , S e tre te ,  and A grox  gave good co n tro l  of the d ise a se  in  one 
s e r i e s  of f ie ld  te s t s .  In ano ther  s e r i e s ,  these  3 fungicides plus 4 o th e rs  
w ere  effective in con tro lling  pink ro t .  In addition , F re e m a n  t r ie d  hot 
a i r  as  a  t r e a tm e n t  for in fec ted , d ry  sha llo t s e t s .  T hese  se ts  w ere  p laced  
in a hot a i r  oven and  t r e a te d  a t  54° C. fo r  30 and  45 m inute in te rv a ls  and 
a t  56° C. fo r  30, 45, and  60 minute in te rv a ls .  He found tha t  se ts  t r e a te d  
a t  56 C. fo r  60 m inutes w ere  in ju red  and s t i l l  developed pink ro o t .  It 
has ju s t  been  r e p o r te d  by T im s (52) th a t  V apam  u sed  a t  the r a te  of 1 to  4 
q u a r ts  p e r  100 square  fe e t  gave a lm o s t  com plete  co n tro l  of pink ro o t  in 
n a tu ra l ly  in fes ted  so i l  under g reenhouse  conditions. A lso , Mylone u se d  
a t  3 /4  to 5 pounds p e r  100 sq u a re  fee t gave good co n tro l  when u se d  a t  the 
h eav ie r  app lica tion  r a t e s .  No phytotoxicity  to the onion seed lings  was 
o b se rv ed  if 15 to 21 days were a llow ed to e lapse  betw een the tim e of t r e a t ­
m ent and  the tim e of sowing the seed .
In view of the fac t  that ro ta t io n  and ch em ica l  t r e a tm e n ts  had not 
p ro v ed  s a t i s f a c to ry  in the p a s t ,  the u se  of r e s i s t a n t  v a r ie t ie s  fo r co n tro l  
of this d isea se  has b een  in v es tig a ted . P o r t e r  and Jones (3 7) s tud ied  the 
r e s i s ta n c e  of s e v e r a l  cu ltiva ted  sp ec ies  of A ll iu m . They o b se rv ed  tha t 
the Nebuka type of onion (A . f is tu lo su m ), the leek  (A. p o r r u m ), and  
chives schoenoprasum ) w ere  e x tre m e ly  r e s i s t a n t  to pink ro o t .  Davis
and  H enderson  (12) found th a t  a l l  th e ir  open po llina ted  onion se lec tio n s  
p ro v ed  su scep tib le  to pink ro o t .  H ow ever, four of th e ir  in b red  se lec tio n s  
d e m o n s tra te d  p a r t ia l  r e s is ta n c e  to the d i s e a s e .  T im s and  Jones (50)
s ta r te d  a sha llo t b reed ing  p ro g ra m  in 1949 in Louisiana, C ro s se s  w ere  
made betw een shallo ts  and the Nebuka onion and these  progeny plus the 
p rogen ies  f ro m  subsequent b a c k c ro s se s  w ere  p lan ted  in in fested  so il .  
F o r ty - tw o  p e r  cent of these  se lec tions  w ere  r e s i s ta n t  but w ere  unsuitable  
fo r  c o m m e rc ia l  u se .
Jones and P e r r y  (32) took plants of the onion v a r ie t ie s  E xce l,
Yellow B erm uda , E c l ip se ,  and L 365, B erm uda-type  onions highly r e ­
s is ta n t  to pink roo t, and  c ro s s e d  them  with the suscep tib le  Texas E a r ly  
G rano  751 and San Joaquin. B ack c ro ss  s e e d  was p lanted  in the greenhouse 
a t  B e ltsv il le ,  M ary land  and the plants w ere tran sp lan ted  to pink ro o t  in ­
fe s ted  so il  on a f a rm  a t  L aredo , T ex as . E c lip se  was found to be fully r e ­
s is ta n t  and some of the r e s i s t a n t  X suscep tib le  c ro s s e s  p roduced  some 
r e s i s ta n t  progeny .
m a t e r i a l s  a n d  m e t h o d s
C ultu ra l Studies of Pyrneochaeta  t e r r e s t r i s
Pathogenicity  T es ts
1. D eterm ination  of the va ria tion  in pathogenicity of m ycelia l i s o ­
la tes  f ro m  one location.
Ninety-one m ycelia l iso la tes  of P y renochae ta  t e r r e s t r i s  w ere ob ­
ta ined  by plating out infected roots  f ro m  onion seedlings grown in n a tu r ­
a lly  infested  so il .  This lot of so il  came fro m  one field  in Chack Bay, 
Louisiana. The infected roots  w ere cut into one half cen tim eter  sec tions , 
p laced  in a Gooch c ru c ib le ,  and im m e rse d  in a sa tu ra te d  solution of 
ca lc ium  hypochlorite for one m inute. They w ere then rem oved  f ro m  the 
solution, d ra ined , and p laced  d irec t ly  on the su rface  of modified Czapek 's  
m edium  solid ified  with 2 p e r  cent ag a r  in P e t r i  d ish e s .*  The p la tes  were 
s to re d  in a 2 7° C. incubator for 5 days, a t  which time they were e x ­
am ined . The colonies of P y renochae ta  t e r r e s t r i s  were c h a ra c te r iz e d  by 
com para tive ly  slow growth and production of a pu rp lish , pink pigm ent. 
T ra n s fe rs  w ere made to slan ts  of modified Czapek 's  m edium  plus 2 p e r  
cen t ag a r  and s to re d  in a 7° C. r e f r ig e ra to r  un til  needed.
^F orm ula  for m odified Czapek 's  m edium  as u sed  by G orenz, L arson , 
and W alker (22): 2 g. N aN 03; 1 g. KH2P 0 4 ; 0 .5  g. KC1; 0 .05 g MgSC>4 ;
0. 01 g. FeSO/p 50 g dextroses 15 g. malfe ex trac t;  1000 cc . w a te r .
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The 91 iso la tes  were grown a t 27° C. in P e t r i  dishes containing 
modified C zapek 's m edium  solid ified  with 2 p e r  cent a g a r .  At the end 
of 10 days, the colonies which had developed in these p la tes were used  
to inoculate 500 m l. E rh len m ey er  flasks containing 20 0 ml. of modified 
C zapek 's m edium . F our 1 cm . squares  f ro m  the p e r im e te r  of the fungus 
colonies were u sed  to inoculate each  flask . The flasks were s e t  on a 
lab o ra to ry  table for 12 days a t  room  tem p era tu re  and w ere shaken daily 
for the f i r s t  8 days to in su re  sufficient ae ra t io n . The contents of each 
flask  were rem oved  a t  the end of th is time and m ace ra ted  for one minute 
in a Waring B lendor. Two hundred m l. of the inoculum produced by 
each  iso la te  were diluted with 500 m l. of Hoag1 :-nd's solution# and mixed 
with 10 kg. of sand. Four 4 inch  pots were filled  to  within one half inch 
ox the top 'w ith  sand infested  with inoculum of each  of the 91 iso la te s .  The 
pots were placed on a bench in a 80° F .  g reenhouse, and 50 seeds of the 
pink roo t susceptib le  onion v a r ie ty  White Sweet Spanish were sown in each 
of them . The seeds were covered  with clean sand to a depth of about one 
half inch, m oistened  with a fine sp ray , and the pots were covered  with 
new spaper un til  the seedlings em erg ed . C ardboard  partitions were u sed  
to separa te  the pots on the bench to prevent the mixing of inoculum  fro m  
ad jacen t po ts . The pots were w atered  daily and once each week they were
❖Formula for Hoagland's solution used  by G orenz, e t .  a l .  (22):
0.005 M. Ca(N 03)2J 0.005 M. KNG3 ; 0.002 M. MgSG4 ; 0.001 M .KH2P 0 4 ;
0.001 M. NaCl; t ra c e s  of CuCl2 » ZnCl2 » M n C ^j F e C l3 .
14
w atered  with Hoagland's solution. The plants were allowed to grow for 
49 days and then they were carefully  rem oved from  the pots, washed free 
of sand, and taken to the labo ra to ry  for weighing, counting, arid d e te r ­
mination of d isease  sev e r i ty .
In order to in su re  m axim um  accu racy  and a sm a lle r  experim ental 
e r r o r  in this experim ent, each operation was c a r r ie d  out as a unit a t  a 
given tim e and there  was no delay between the s ta r t  and finish of each 
p h a se .
2. D eterm ination  of the varia tion  in pathogenicity of single spore 
iso lates f ro m  one pycnidium of Pyrenochaeta  t e r r e s t r i s .
A single pycnidium from  a culture  of a highly pathogenic isolate  of 
Pyrenochaeta  t e r r e s t r i s  was rem oved to a drop of s te r i le  w ater on a m ic ro ­
scope slide and crushed . This drop was then ro l led  into a watch glass 
containing nine drops of w ater and s t i r r e d  to evenly d istribute  the sp o re s .  
The contents of the watch glass were then ro lled  on to the agar surface  in 
a P e t r i  d ish  and s treak ed . The plate was placed in a 27° C. incubator 
and 24 hours la te r  it  was exam ined under a binocular d issecting m ic ro ­
scope. The germ inating spores  were picked off the agar surface with a 
fine needle and p laced on agar s lan ts .  F ifteen  of these iso la tes  were 
se lec ted  a t  random  and used to inoculate P e t r i  d ishes . The resu lting  
colonies were used  a f te r  10 days to inoculate 500 m l. E rh lenm eyer  f lasks , 
and the sand culture method of inoculation outlined above was then used.
The onion seedlings were rem oved  from  their  pots and examined, 26 days 
a fte r  the seed had been sown.
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P ro d u c t io n  of P ycn id ia
1. P r e l im in a r y  te s t .
S lan ts  of beanpod a g a r  w ere  p re p a re d  by  s team in g  m a c e ra te d ,  f r e s h  
s t r in g  beans  (200 g. p e r  l i t e r  of w a te r)  w ithout p r e s s u r e  for 45 m in u te s .
The liquor was f i l te r e d  off and  in c o rp o ra te d  w ith 20 g. of a g a r  p e r  l i te r  
of in fusion . 2h addition  to  the f r e s h  beanpod a g a r ,  Difco beanpod a g a r ,  
and  p ieces  of f r e s h  s t r in g  beans s e a le d  in tu b es , w ere  a lso  u se d .  The 
a g a r  s lan ts  and tubes containing f r e s h  s tr in g  beans w ere  inocu la ted  w ith  9 
m y ce lia l  iso la te s  of P y re n o c h a e ta  t e r r e s t r i s  and  s to r e d  in a 27° C. in c u ­
b a to r  fo r 39 days.
2. The p roduc tion  of pycnid ia  by m y ce lia l  iso la te s  f ro m  one 
loca tion .
The 91 iso la te s  te s te d  fo r  v a r ia t io n  in pa thogenic ity  w ere  u s e d  in 
th is  e x p e r im e n t .  The iso la te s  w ere  t r a n s f e r r e d  to  s lan ts  of beanpod a g a r  
p r e p a r e d  acco rd in g  to the m ethod of D r .  C. W. E d g e r to n  (13).
E a c h  iso la te  was t r a n s f e r r e d  to  3 s lan ts  and  the s lan ts  w ere  s to re d  
in a  27° C. incuba to r  fo r 57 days.
E f fe c t  of T h ree  pH L evels  on the G row th of T h ree  Iso la tes  in  Liquid  
C u l tu re .
The contents of a n um ber of 500 m l.  E rh le n m e y e r  f la sk s ,  e ach  w ith 
200 m l. of m odified  C zap ek 's  m edium , w ere  ad ju s ted  to pH lev e ls  4, 6, 
and  8. The quantity  of 0. 1 N . HCl n e c e s s a r y  to b r in g  the pH of the m ed ium  
to the d e s i r e d  4 and  6 leve ls  was added  befo re  s te r i l iz a t io n .  It was
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n e c e s s a ry  however in the case  of the 8 level to add the r e q u ire d  am ount 
of 0. 1 N NaOH a f te r  autoclaving the f la sk s .
A suffic ien t num ber of f lasks  w ere  p re p a re d  for each  of the pH levels 
so  tha t  the contents of 3 f lasks  p e r  iso la te  could be rem o v ed , washed, and 
d r ie d  a t  3 day in te rv a ls  for a  p e r io d  of 30 days. The f la sks  w ere kept on 
a la b o ra to ry  table a t  ro o m  te m p e ra tu re  and w ere  shaken each  day for the 
f i r s t  8 days to in su re  adequate a e ra t io n .  The th ree  iso la te s  u sed  included 
2 m yce lia l iso la te s  and the single spo re  iso la te  d e r ived  f ro m  one of the 
m y ce lia l  iso la te s .
Due to  the lim ita tions  im posed  by sh o r tag es  of space and flasks 
(2 70 w ere  req u ired )  the whole e x p e r im en t could not be se t  up on the sam e 
day. Instead , i t  was run  in 9 groups with the m edium  in ea c h  group of 3 0 
f lasks ad jus ted  to one pH lev e l  and inocula ted  w ith one iso la te .  A t 3 day 
in te rv a ls ,  3 f lasks p e r  iso la te  w ere  rem o v ed  and the ir  pads w ere 
s e p a ra te d  f ro m  the f i l t ra te s  by use of a Buchner funnel and f i l te r  paper 
that had p rev io u s ly  been weighed. The pads w ere w ashed f ree  of any 
su g a rs  by m eans of d is t i l led  w ater f ro m  a w ash bo ttle . The washed pads 
w ere p laced  in a hot a i r  oven to dry  th em  to a  constan t weight. They were 
then weighed on a to rs io n  balance in an  a i r  conditioned ro o m  and the final 
pad weights w ere obtained by su b trac tin g  the w eight of the f i l te r  paper 
f ro m  the com bined weight of the m yce lia l pad plus the p a p e r .
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Chem ical Control of Pink Root
L abora to ry  and greenhouse te s ts  for phytotoxicity.
F o r ty - s ix  experim ental fungicides were tes ted  in the labo ra to ry  for 
the ir  effect on the germ ination of onion seed . Twenty-five seed  of the 
onion varie ty  Texas Grano were placed in each  of 4 P e t r i  dishes for each 
fungicide tes ted . Seven ml. of the m a te r ia l  was pipetted into the 4 dishes 
fo r each  of the fungicides and germ ination counts were made 6 days la te r .
F ifteen  m ate r ia ls  tes ted  in the labora to ry  were u sed  in a g r e e n ­
house te s t .  One hundred m l. of each m a te r ia l  was applied to each four 
inch pot in se r ie s  of four. Twenty-five onion seed  were then planted in 
each  pot and stand counts were made afte r  11 days.
L abora to ry  te s ts  of experim ental fungicides.
1. Agar P la te  technique.
E ach  fungicide was incorpora ted  into modified Czapek's agar  ju s t  
before it  solidified, a t  the ra te  of 1000 pprn. Three  plates were poured 
with each lot of t re a ted  ag a r .  Each  of the plates was then inoculated in 
the center with a m ycelia l plug of Pyrenochaeta  t e r r e s t r i s . The inocu­
la ted  plates were placed in a 27° C. incubator.
A t the end of 10 days, the d iam eter of each colony which had d e ­
veloped was m easured  and reco rd ed . The colony d iam eter varies  in ­
v e rse ly  with the inhibiting effect of the fungicide being tes ted  with this 
technique.
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2. M odified F i l t e r  P a p e r  D isc T echnique.
M ost c u ltu re s  of P y re n o c h a e ta  t e r r e s t r i s  do not produce s p o re s .
F o r  th is  r e a s o n ,  the conventional f i l te r  p aper  d isc  technique was m o d i­
f ied . The fungus was grown in liquid  cu ltu re  in  the m anner p re v io u s ly  
d e s c r ib e d .  The inocu lum  obtained by m a c e ra t in g  the contents of the 
f la sk s  fo r one m inute in  a W aring  B lendor, was u se d  to  s e e d  the a g a r  a t  
the r a te  of 25 m l.  of inoculum  p e r  100 m l.  of a g a r .  One ha lf  g ra m  of 
s tre p to m y c in  su lfa te  (740 m eg. p e r  m g. ) was added  to the a g a r  to p rev en t 
the g row th  of b a c te r ia l  co n tam in an ts .
Solutions of the fungicides to be te s te d  w ere  p re p a re d  and s ta n d a rd  
f i l te r  p ap e r  d is c s*  w ere  soaked  in th em  fo r  30 m in u tes .  The d isc s  w ere  
then  re m o v e d  f ro m  the so lu tions , d ra in ed , and  p laced  in a  3 0° G. in c u ­
b a to r  to  d ry .
A fte r  the inocu lum  and  s tre p to m y c in  w ere added  to the cooled a g a r ,  
the p la te s  w ere  p o u red  and  a llow ed to so lid ify . Then the f i l te r  p ap e r  
d isc s  w ere  app lied  to the a g a r  su r fa c e ,  2 d isc s  p e r  p la te ,  2 p la te s  fo r each  
fungic ide . The p la te s  w ere  put in a 27° C. incubator fo r  36 hours  and a t  
the end of th a t  t im e , the zones of inh ib ition  a ro u n d  e ach  d is c ,  if  any, w ere  
m e a s u re d .
The d ia m e te r  of the zone of inhib ition  v a r ie s  d i re c t ly  w ith  the m ag n i­
tude of the inhibiting e ffec t  of the fungicide in  the f i l te r  p a p e r  d isc
*12. 7 m m . jd i a m e te r , supp lied  by C a r l  S ch le ich er  & Schuell C o . ,  
K eene , N . H.
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techn ique .
It was found in a p re l im in a ry  te s t  that p rep a ra tio n s  of wettable 
fungicides would not exhibit any inhibitory  effects un less  the side of the 
disc bearing  the deposit was p laced face down on the su rface  of the a g a r .  
A ccord ingly , a ll  d iscs w ere p laced  with the deposit side face down in 
these  t e s t s .
Greenhouse tes ts  for contro l of pink ro o t.
Pots of in fested  sand were p re p a re d  in the m anner p rev iously  d e ­
sc r ib e d .  E ach  of 4 four inch pots was then tre a te d  with a 100 m l. d rench  
of a fungicide solution. One hundred m l. poured  on a four inch pot is 
equal to s ix  gallons poured into a fu rrow  20 fee t long by 4 inches wide by 
6 inches deep. Im m ediately  th e re a f te r ,  seed  of the pink roo t susceptible  
onion v a r ie ty  White Sweet Spanish were sown and covered  with clean sand. 
The pots were w atered  daily and were given Hoagland's solution once a 
week. At the end of each  te s t ,  the plants w ere carefu lly  rem oved  from  
the po ts , weighed, counted, and g raded  for d isease  sev e rity .
F ie ld  te s ts  for con tro l of the d is e a s e .
Fungicides that reduced  the incidence of d isease  to 1 p e r  cent or le ss  
in greenhouse te s ts  were u sed  in field  te s ts  put out a t  two locations in 
M eraux, Louisiana on the six th  of August, 1958, and a t  one location in 
Chack Bay, Louisiana on the eighth of August, 1958.
A fu rrow  about 6 inches deep and 4 inches wide was opened in each
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row  to be treated ,, A 20 foot sec tio n  of fu r ro w  consti tu ted  1 p lo t. E a c h  
fungicide was u se d  to  t r e a t  4 of these  plots a r r a n g e d  in a ran d o m ized  
b lock  design . The fungicide so lu tio n s , a t  r a te s  of 1000 and 5000 p p m . ,  
w ere  ap p lied  a t  the r a te  of 2 gallons p e r  plot by m eans of a sp rink ling  
can . The fu rrow s w ere  c lo sed  im m ed ia te ly  and the sha llo ts  w ere  p lan ted  
the nex t day.
Shallo ts of the pink ro o t  su scep tib le  T a s s in  v a r ie ty  w ere  given to 
the f a r m e r s  in  g ra d e d  lo ts put up in p ap e r  sack s ;  th e re  w ere  40 bulbs 
(seed) p e r  sa c k .  The contents of one s a c k  w ere  u se d  to p lan t one p lo t 
(20 fee t  of row ). The sha llo ts  w ere  p lan ted  d ire c t ly  over the "treated  
fur r  o w s .
Studies with Che m other apeu tan ts
L a b o ra to ry  te s ts
1. In two of the la b o ra to ry  t e s t s ,  the a g a r  p late technique and  the 
m odified  f i l te r  p ap e r  d isc  technique w ere  u se d .  E a c h  of th ese  m ethods 
has been  d e sc r ib e d  in a p rev ious  sec tio n .
2. T e s t  of w etting, s tick ing , and pen e tra tin g  ag en ts .
One p e r  cent aqueous so lu tions of 23 wetting, p e n e tra t in g ,  and  s t i c k ­
ing ag en ts ,  e ach  containing one g r a m  of s tre p to m y c in  su lfa te  (740 m eg. 
p e r  m g. ) p e r  l i te r  w ere  sp ra y e d  on the leaves  of 28 day old onion p lan ts  
growing in pots in the g reen h o u se . The p lan ts  w ere  re m o v e d  f ro m  the pots 
a f te r  24 hours and  the sap  was e x tra c te d  f ro m  the leaves  by  m eans of a
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C arv e r  la b o ra to ry  p r e s s ;  four plants w ere u sed  fo r  each  t rea tm en t.  
S tandard  f i l te r  paper d iscs w ere allowed to soak in the se v e ra l  ex trac ts  
for 30 minutes and w ere then d ried  in a 30° C. incubato r. The d ried  discs 
w ere p laced  on the su rface  of seeded , Difco nu tr ien t  b ro th  ag a r  contained 
in P e t r i  d ishes . There  were 9 d iscs p e r  t re a tm en t,  3 d iscs per  P e t r i  d ish .
The seeded  ag a r  was p re p a red  by adding 5 m l. of a ce ll  suspension  
of B acillus subtilis  to nu tr ien t b ro th  ag a r  ju s t  before it began to gel. The
ce ll  suspension  was obtained by inoculating a 500 m l. E rh len m ey er  flask 
containing 100 m l. of n u tr ien t  b ro th  with a loopful of b a c te r ia  taken f ro m  a 
colony on an a g a r  s lan t.  The inoculated flask  was incubated for 12 hours 
a t  30° C. and a t  the end of th is tim e, the tu rbid ity  of the suspension  was 
equal to tube num ber 1 of a M acF arland  N ep h e lo m ete r . The p lates w ere 
p laced  in a 7° C. r e f r ig e r a to r  for one hour and then rem oved  to a 30° C. 
incubator for 12 hou rs . At the end of this period , the p lates were e x ­
am ined  and the zones of inhibition around each  disc were m easu red .
A s tan d a rd  curve was p re p a re d  a t the sam e time by soaking discs 
in solutions of s trep tom ycin  sulfate of known concen tra tions . These  discs 
w ere p laced on n u tr ien t b ro th  agar  seeded  with B acillus subtilis  and the 
zone of inhibition around  each  disc was m easu red  and re c o rd e d .  These 
data were used  to p re p a re  the s tan d a rd  curve by plotting d iam e te rs  of the 
inhibition zones aga ins t  the known concentra tions of s trep tom ycin  su lfa te . 
A fter the m easu rem en ts  w ere made of the zones of inhibition obtained by 
using the d iscs t re a te d  with the 23 e x tra c ts ,  the s tan d a rd  curve was u sed
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to  d e te rm in e  the app rox im ate  am ount of s trep to m y c in  su lfa te  contained  in 
each  extracto
3. Study of the uptake of s trep to m y c in  su lfa te  by onion p lan ts .
Onion p lan ts  w ere  grow n f ro m  se ts  in f la ts  of sand  fo r about 17 
days and  re m o v e d  without in ju ry  to the ro o ts  by c a re fu l  w ash ing . The 
p lan ts  w ere  p laced  with th e i r  ro o ts  im m e rs e d  in b e a k e rs  which conta ined  
1000 ppm . of ac tive  s trep to m y c in  su lfa te .  They w ere  le f t  in the so lu tions 
fo r the following p e r io d s  of t im e: 1, 2, 3, 4, 5, 10, 15, 20, and  25 h o u rs .
Twelve p lants w ere  u se d  fo r  e ach  t re a tm e n t;  they  w ere  rem o v ed  a t  
the r e q u ire d  tim e and w ashed  fo r 5 m inutes in ra p id ly  running w a te r .  The 
p lan ts  were then cut into 2 se c t io n s ,  bulbs plus ro o ts ,  and  sh o o ts .  T hese  
sec tions  w ere  s e p a ra te ly  sq ueezed  in a  C a rv e r  p r e s s  and th e ir  sap  e x ­
t r a c te d .  The am ount of s t re p to m y c in  su lfa te  in the s e v e ra l  e x t ra c ts  was 
d e te rm in ed  using  the B ac illu s  sub tilis  a s s a y  outlined  above.
G reenhouse  te s ts
A n um ber of ch em o th erap eu tan ts  w ere  te s te d  in the g reenhouse  for 
co n tro l  of the pink ro o t  d isea se  in  sand  c u l tu re .  The m ethods u se d  w ere  
the sam e  as  those  for the e x p e r im en ta l  fungicide tes ting  in sand  c u ltu re .
F ie ld  te s ts
Onion and  sh a llo t  t ra n sp la n ts  w ere  p laced  in cans which conta ined  
so lu tions of c h em o th e rap eu tan ts .  The volum e of the liquid  in each  can 
was ad ju s ted  so  th a t  only the ro o ts  of the p lan ts  undergoing t r e a tm e n t
w ere in the so lu tion . A fte r  the p re s c r ib e d  tim e in te rv a l  of t r e a tm e n t ,  
the p lants were rem o v ed  f ro m  the cans, d ra ined , and p lan ted  in pink 
ro o t in fes ted  land  on the Louisiana State U n ivers ity  Hill F a r m  and Ben 
Hur P lan ta tion .
Shallot bulbs w ere  a lso  t r e a te d  in a  s im i la r  m anner.
EXPERIM ENTAL RESULTS
C ultu ra l Studies of P y renochaeta  t e r r e s t r i s
Pathogenic ity  te s ts
1. D eterm ination  of the varia tion  in pathogenicity of m ycelia l iso la tes 
f ro m  one field,,
G orenz, e t .  a l .  f22) rep o r ted ,  as m entioned in the rev iew  of l i te ra tu re ,  
tha t iso la tes  of Pyrenochaeta  t e r r e s t r i s  f ro m  the sam e loca lity  exhibited 
va ria tion  in th e ir  pathogenicity. They did not p re se n t  th e ir  re su l ts  in 
detail, however.
In o rd e r  to obtain m ore p rec ise  inform ation  on this m a tte r ,  a te s t  
was s e t  up to determ ine ju s t  how much varia tion  might be expected  fro m  
a given lo t of iso la tes  obtained fro m  one in fested  field . Some 91 cu ltu res  
w ere iso la ted  f ro m  onion seedlings grown in so il  obtained fro m  a single fie ld  
in L aFourche P a r i s h .  These iso la tes  were te s ted  for v irulence on pink roo t 
susceptib le  White Sweet Spanish onion seedlings grown in sand culture in 
the greenhouse . A fter 49 days,, the seedlings were carefu lly  rem oved  
f ro m  the pots , w ashed free  pf sand, and graded  fo r  degree of infection, 
weighed, and counted. In Table I, each  figure r e p re se n ts  an average  of 
the data f ro m  4 rep lica t io n s . In this and other ex p e rim en ts ,  the grading 
sy s te m  of G orenz, e t .  a l .  (22) was u sed . This sy s tem  is as  follows: 
no pink roo t, 0; 1 to 25% of the roo ts  infected, 25; 26 to 50% of the roo ts
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Table I. V aria tion  in pathogen ic ity  am ong 91 iso la te s  of P y re n o c h a e ta  
t e r r e s t r i s  obtained  f ro m  so il  in one in fes ted  f ie ld  in Chack 
Bay, L a .
Avg. No. of Avg. D is . Index
Iso la te  P la n ts  p e r  Avg. F r .  Wt. (g m s .)  p e r  R ep lica tion
N um ber  R ep lica tion*_________p e r  R ep lica tion_________________■(%)_______
1 15.3 13.2 35. 7
2 27 .5 11. 7 9 3 .6
3 21. 5 11. 7 86. 6
4 2 6 .0 17.9 87. 0
5 22. 5 13.9 43. 3
6 16. 8 13. 6 53 .4
7 18. 5 14.3 66. 9
8 12. 8 5 .3 79 .4
9 5 .0 1. 7 50. 0
10 7. 8 4„ 9 83 .9
11 19.3 13. 1 55. 8
12 31. 8 23. 5 25. 0
13 2 .0 0. 6 100.0
14 u . o . 7 .5 37 .5
15 24 .8 25 .2 25. 0
16 31 .0 30.0 25. 0
17 2 4 .8 13 .4 62 .9
18 29.3 28. 1 25. 0
19 31.3 36. 7 25. 0
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T a b le  L C o n tin u ed .
Avg. No. of Avg. D is . Index
Isolate  P lan ts  p e r  Avg. F r .  Wt. (g m s .)  p e r  R eplica tion
N um ber R eplication*________p e r  R e p l i c a t i o n _________   (%)
20 5 .3 1 .0 91. 7
21 26.5 27 .2 25 .0
22 1 .0 0. 3 100. 0
23 6 .5 2 .9 28. 8
24 3 .5 2. 2 75.0
25 0 .0 0. 0 0. 0
26 32 .5 27. 1 25 .0
27 29 .5 24. 9 25 .0
28 0 .3 0 .2 100.0
29 12.3 9 .4 58. 7
30 15.0 7. 8 67 .5
31 30. 0 22. 1 25. 0
32 21.0 16, 8 69 .0
33 24. 3 22. 3 25. 0
34 5 .3 1 .6 78.6
35 30.3 23.2 87.2
35 32.3 30. 8 25. 0
37 32.3 26. 3 25.0
38 7.3 1 .4 51. 7
39 32.0 33 .2 25 .0
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T a b le  I. C on tin ued .
Avg. No. of Avg. D is. Index
Isolate P lan ts  per Avg. F r .  Wt. (gras,) per Replication
Number Replication*________ per Replication___________________ (%)______
40 26. 0 28.4 25.0
41 13. 0 7.8 51.4
42 26. 8 21.6 57.5
43 26.3 29.6 25. 0
44 2. 0 0. 7 68. 8
45 16.0 13. 1 71.5
46 6. 5 26.3 69.2
47 12. 8 7.2 94.1
48 22. 5 14.3 74.2
49 30.5 26. 7 45 .5
50 11.5 3 .5 100. 0
51 20. 8 17.3 25.0
52 21. 8 11.3 43. 1
53 34.3 31.4 25. 0
54 3.5 0. 7 50.0
55 3 .5 .1 .4 69. 6
56 16. 8 7,9 9 7.0
57 4 .5 3. 0 58. 1
58 33.3 28. 1 25. 0
59 36.5 31.4 25. 0
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T a b le  L C ontinued ,.
Avg. N o. of Avg. D is .  Index
Iso la te  P la n ts  p e r  Avg. F r .  Wt. ( g m s .)  p e r  R ep lica tion
N um ber R ep lica tion*_________p e r  R ep lica tion____________________ (%)
60 29 .3 25. 7 25. 0
61 2 2 .5 8. 1 68. 6
62 28 .3 2 0 .6 18.1
63 6. 8 2. 5 4 9 .1
64 11 .0 3 .8 90 .9
65 2 9 .8 19.5 25. 0
66 32 .0 22 .5 100.0
67 2. 3 0. 5 100. 0
68 29. 8 30 .2 25 .0
69 28. 5 21. 7 25. 0
70 3. 8 1 .6 65. 0
71 32 .3 25 .5 32. 0
72 30. 0 28 .6 14.6
73 35. 0 3 1 .8 25 .0
74 5. 8 2 .4 50 .0
75 6, 5 2. 7 87 .5
76 28. 3 26 .9 25. 0
77 28. 0 28 .2 25. 0
78 2 9 .0 30. 7 5. 6
79 1. 0 0 .4 100.0
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T a b le  I. C on tin u ed .
Isolate
N um ber
Avg. No. of 
P lan ts  per 
R eplication*
Avg. F r .  Wt. (g m s.)  
p e r  R eplication
Avg. D is. Index 
p e r  R eplication 
(%)
80 28. 8 31.2 25 .0
81 2.3 0.3 100. 0
82 16.5 5 .4 96.6
83 4 .8 1. 1 34£ 2
84 26.5 25. 0 25. 0
85 23. 3 12.9 100.0
86 0. 3 0. 1 100. 0
87 3 .5 1.3 25. 0
88 24. 8 19.6 25. 0
89 34.3 33 .0 25. 0
90 3.5 0. 1 39.3
91 5. 0 0.9 100. 0
Uninoc. Check 32. 7 30 .4 0. 0
*White Sweet Spanish  onion seedlings grown in sand  culture  for 49 days.
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infected, 50; 51 to 75% of the roots  infected, 75, and 76 to 100% of the
roots infected, 100. A d isease  rating  for each lot of plants was obtained
by multiplying the num ber of plants in each  d isease category by the c a te ­
gory num ber, followed by addition of the products and division of the sum  
by the to tal num ber of plants involved (see F igure  1).
Sum m ary of R esu lts : 1 to 25% infected roo ts , 34 lots
26 to 50% infected ro o ts ,  13 lots
51 to 75% infected roo ts , 21 lots
76 to 100% infected ro o ts ,  23 lots 
Total: 91
As can be seen  from  the sum m ary  of r e su l ts ,  the pathogenicity of 
the 91 iso la tes  as m easured  by their d isease  indices on onion seedlings, 
va ried  from  slight to severe  with a fa ir ly  even rep resen ta tion  in each 
of the four d isease  ca tegories .
Pink ro o t susceptible onion seedlings grown in sand infested with 
Pyrenochaeta  t e r r e s t r i s  do not usually a tta in  no rm al development. They 
appear stunted, the num ber of functional roots  is reduced , and a sm a lle r  
number of seedlings in a given lot will survive the f i r s t  month. C onse­
quently, onion seedlings grown in sand infested with a v iru lent isolate  of 
Pyrenochaeta  t e r r e s t r i s  will be reduced  in num ber, weigh le s s ,  and ex ­
hibit a la rg e r  num ber of pink roots than seedlings grown in sand infested 
with a  less  v iru len t isolate  of this fungus. This was the case  in the te s t  
ju s t  rep o r ted  where a high d isease index was a ssoc ia ted  in m ost cases  with 
a low num ber of surviving seedlings and reduced  f re sh  weight.
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Onion Beedlings of the v a r ie ty  White Sweet Spanish f ro m  the 
pathogenicity  t e s t  of 91 m yce lia l i so la te s .  The .p lan ts  have 
been  grouped  into the 5 d ise a se  c a te g o r ie s .
G roup No. D isease  C ategory
1
2
3
4
5
100
75
50
25
0
P e r  cen t of Roots 
Infected w ith P ink  Root
75 to  100 
51 to 74 
2 6 to 50 
1 to 25 
0
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2. D eterm ination  of the varia tion  in pathogenicity  of single spore  
iso la tes  f ro m  one pycnidium,
A te s t  was s e t  up to determ ine whether or not single spore  iso la tes  
f ro m  a single pycnidium  produced by a highly pathogenic isolate  would 
vary  in th e ir  pathogenicity . Accordingly, 15 single spore  iso la tes  were 
se lec ted  a t random  from  a group of cu ltu res  obtained by using the conidia 
f ro m  a single pycnidium of iso la te  num ber 35, These  iso la tes  were te s te d  
in sand culture  aga inst pink roo t susceptib le  White Sweet Spanish s e e d ­
lings. The experim en t was concluded a f te r  26 days and  the plants that 
su rv ived  w ere exam ined. A ll of them  were sev e re ly  infected with pink 
ro o t  and the stand  counts and f re s h  weights w ere ve ry  low. The re su l ts  
a re  p re sen ted  in Table n .
The pathogenicity te s t  of 91 iso la tes  d isc losed  that a wide varia tion  
in pathogenicity ex is ted  among the iso la te s .  This te s t  of 15 single spore  
iso la tes  f ro m  one pycnidium  of a highly pathogenic m ycelia l isolate of 
Pyrenochaeta  t e r r e s t r i s  was undertaken to see whether or not these i s o ­
la tes  would a lso  show a s im ila r  range in v iru lence. The re su l ts  p r e ­
sen ted  in Table II show tha t this was not the c a se .  Instead, a l l  the iso la tes  
were highly pathogenic and m ore  or less  un ifo rm  in th e ir  effect on the 
onion seedlings used  in the te s t .
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Table II. R esu lts  of pa thogenic ity  te s t  with 15 single  sp o re  cu ltu re s  f ro m  
one pycnid ium  of iso la te  35 of P y re n o c h a e ta  t e r r e s t r i s .
Is olate 
N um ber
Avg. No. of 
P la n ts  p e r  
R ep lica tion*
Avg. F r .  Wt. (g ra s .)  
p e r  R ep lica tion
Avg. D ise a se  Index 
p e r  R ep lica tion  
(%)
1 2. 8 le s s  than  0 .25  gm . 100
2 0 .5 n 100
3 0. 8 M 100
4 1 .5  * II 100
5 1 .8 11 100
6 1.5 II 100
7 0 .0 If 100
8 1.0 i r 100
9 2. 8 n 100
10 2 ,8 100
11 0. 5 ii 100
12 1 .0 11 100
13 2 .0 ri 100
14 2. 0 11 100
15 0 .0 100
U ninoc. Ck. 33 .3 9 .2 0. 0
*White Sweet Span ish  onion seed lings  grown in sand  cu ltu re  fo r  26 days .
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E ffec t of 3 pH levels on the grow th of 3 iso la tes  of Pyrenochaeta  
t e r r e s t r i s  in liquid c u l tu re .
G orenz , e t .  a l .  (22) re p o r te d  tha t iso la tes  of P yrenochaeta  
t e r r e s t r i s  g rew  equally  w ell a t  pH levels  of 4, 6, and 8 on a modified 
Hoagland's solution solidified with two p er  cent a g a r .  A study of the 
grow th of a fungus in a liquid m edium  often gives a m ore accu ra te  p ic tu re  
than does its  grow th on the su rface  of a so lid  m edium . An experim en t s e t  
up on the la t te r  type of m edium  may not give a m easu re  of the ac tua l 
am ount of m ycelium  produced because  of the varia tion  in the amount of 
hyphae produced on various media by colonies with s im ila r  l in ea r  growth 
r a t e s .
A study was undertaken  of the grow th of 3 iso la tes  of P yrenochaeta  
t e r r e s t r i s  a t  pH levels of 4, 6, and 8 in modified Czapek 's  m edium  to de ­
te rm in e  whether or not d ifferences might ac tua lly  ex is t  under these  co n ­
ditions .
The re s u l ts  of this experim en t a re  p re sen ted  in Table HI. E ach  
figure in this table re p re s e n ts  the average  pad weight of th ree  rep lica t io n s .
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Table III. A verage  d ry  weights (in m g ,)  of m yce lia l pads of 3 iso la te s  of 
P y ren o ch ae ta  t e r r e s t r i s  grown in liquid cu ltu re  a t  3 pH le v e ls .
Isolate
No. of 
Days 4
pH Level 
6 8
55 3 104. 7 122.3 203.0
(single spore) 6 212. 1 214. 1 532.5
9 560. 3 353.3 972.1
12 1153.6 370. 7 1954.2
15 1625.1 760. 5 1691.7
18 1310.5 961. 1 2442.7
21 1464.4 1063.7 2446.3
24 1729.6 1121.8 2103.8
27 1913.8 1118. 8 2297. 7
30 2660.5 1247. 7 2512.5
55 3 189.  7 1 4 9 .9 9 9 .5
( m y c e l i a l ) 6 3 3 4 . 9 2 7 9 . 4 159. 0
9 593 .  7 5 3 5 . 8 4 6 2 .  1
12 1 3 9 2 .1 1 1 2 6 .7 72 7 .2
15 1 2 9 1 .0 1 1 1 4 .1 856 .  5
18 1 6 6 1 .1 1 4 7 2 .7 1 2 4 5 .9
21 1 4 9 9 .0 1 9 0 8 .3 1 7 0 8 .3
24 1 7 4 2 .5 1 3 3 5 .3 1 9 1 6 .8
27 1 9 2 4 .1 1 7 8 0 .9 1 7 5 7 .6
30 2 1 8 2 .2 2 0 5 6 . 7 2 5 8 4 . 5
T :7 7 * 3 1 7 5 .4 3 4 8 . 3 165.  2
( m y c e l i a l ) 6 5 01 .  5 2 7 7 . 3 1 1 7 4 .9
9 784. 8 4 3 3 . 9 1 0 3 1 .5
12 9 0 5 . 6 1 5 6 5 .9 1 4 7 1 .6
15 1 4 3 8 .2 1 6 8 2 .5 1 9 3 9 .9
18 1 6 9 6 .7 1 7 6 6 .4 1 7 1 5 .5
21 1727.  6 1 9 8 9 .9 1 9 2 2 .6
24 1760.  0 2 4 7 1 .5 2 1 9 5 . 5
27 1 7 9 5 .6 2666 .  3 2550 .  7
30 1 8 3 6 .7 2 8 7 3 .5 2 8 0 9 . 9
*An iso la te  supplied  by  D r. E* C. T im s and not u sed  in the pa thogenic ity  
t e s t  of the 91 iso la te s .
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This experim en t was run  to de term ine  whether the 3 iso la tes  of 
P y renochaeta  t e r r e s t r i s  would produce the sam e am ount of grow th a t 
each  of 3 pH levels  in liquid cu ltu re .  S ta t is t ic a l  analysis  of the re su l ts  
p re se n te d  in Table III rev ea led  tha t there  were highly significant d if fe r ­
ences p re s e n t .  In the following 3 tab les ,  com parisons a re  made of the 
30 day pad weights of each  of the 3 iso la tes  of Pyrenochaeta  t e r r e s t r i s  
u sed  in this experim en t.
Table IVA. C om parison  of 2 iso la tes  a t  only 1 pH level. (30 day pad 
w e igh ts)
pH Level Is olate Mean Weight (m g .) Rank
55 single spore 2660.5 1
4 55 m ycelia l 2182.2 2
T:77 (m ycelial) 1836.7 3
55 single spore 1247. 7 3
6 55 m ycelia l 2056.7 2
T:77 (m ycelial) 2873.5 1
55 single spore 2512'.5 3 t
8 55 m ycelia l 2584.5 2 t
T:77 (m ycelial) 2809.9 1
L .S .D .  0.05 H 9 .2
L .S .D .  0.01 156.9
t: the d ifference betw een the m ean weights of iso la tes  55 single spore  
and 55 m ycelia l  was not sign ifican t a t  pH 8.
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Table IVB. C om parison  of 2 iso la tes  as an  average  of a l l  pH leve ls . 
(30 day pad weights)
Isolate Total Weight (m g.) Mean Weight ( m g . ) Rank
55 single spore 6420.7 2140.2 3
55 m ycelia l 6823.4 2274. 5 2
T:7 7 (m ycelial) 7520.1 2506.7 1
L .S .D . 0.05 68. 8
L .S .D . 0. 01 90.6
Table IVC. C om parison  of 2 pH levels 
(3 0 day pad weights)
as an average  of a l l  iso la te s .
pH Level Total Weight (m g.) Mean Weight (m g .) Rank
4 6679.5 2226.5 2
6 6177. 9 2059.3 3
8 7906.8 2635.6 1
L .S .D .  0.05 68.8  
L .S .D .  0.01 90.6
In the above experim ent, it was found tha t isolate  T :77 g rew  b e tte r  
than isolate 55 m ycelia l which in tu rn  g rew  b e t te r  than 55 single sp o re . 
A lso , the g re a te s t  amount of growth was made a t  pH level 8, the next 
g re a te s t  am ount a t  level 4, and the le a s t  am ount of grow th a t  leve l 6, This 
com para tive ly  low am ount of growth a t pH leve l 6 was chiefly  due to the 
poor grow th of iso la te  55 single sp o re .
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P r o d u c tio n  o f p y cn id ia
R eports in the l i te ra tu re  (6, 17, 26) indicate that iso la tes  of 
Pyrenochaeta  te r re s t r is ;  will produce pycnidia on potato dextrose ag a r ,  
co rnm eal a g a r ,  and bean a g a r .  In te s ts  made by the author with potato 
dextrose agar and cornm eal ag a r ,  no pycnidia were produced. In another 
te s t ,  ten iso lates were grown on Difco beanpod ag a r ,  f re sh  beanpod agar , 
and cut beans sea led  in tubes. The cu ltures were placed in a 27° C. in ­
cubator for 39 days and then examined for the p resence  of pycnidia. Two 
of the iso la tes  produced pycnidia on the Difco beanpod a g a r ,  one on the 
f re s h  beanpod a g a r ,  and none of them  produced pycnidia on the cut b eans .
In view of these r e s u l ts ,  it was decided to te s t  the 91 iso la tes  used  
in the pathogenicity investigation for the ir  ability  to produce pycnidia in 
cu ltu re . Beanpod agar p rep a red  a fte r  the method of D r. C. W. E dgerton  
(13) was used . This medium was put in te s t  tubes and a num ber of slants 
were p rep a red .  These were inoculated with the 91 iso la tes  and s to red  
fo r 57 days in a 27° C. incubator. The cultures were then exam ined under 
a  binocular d issecting m icroscope for the p resence  of pycnidia. The r e ­
sults of this experim en t a re  p resen ted  in Table V. Since the m ajo rity  of 
the 91 iso la tes  did not produce pycnidia, only those that did produce them  
or pycnidium-like bodies a re  included in the table.
As is shown in Table V, 8 out of the 91 iso la tes  te s ted  produced true 
pycnidia and 10 produced pycnidium -like bodies . These bodies were 
c h a rac te r ized  by lack of spores  and setae and they were somewhat sm a lle r
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Table V. P ro d u c tio n  of P ycn id ia  by 91 m y ce lia l  iso la te s  of P y re n o c h a e ta  
t e r r e s t r i s  on beanpod a g a r  a f te r  57 days a t  27° C.
Is olate 
N um ber 1
R eplica tion
2 3
Avg. D is .  Index 
p e r  R ep lica tion3,
1 P L * o * * o 35.  7
2 P L O o 9 3 . 6
7 P P p 6 6 . 9
8 P L P L P L 7 9 . 4
13 P P o 1 0 0 . 0
19 P P o 25.  0
32 P L O o 6 9 . 0
50 P L O o 1 0 0 . 0
53 P P p 25 .  0
55 P L P L o 69.  6
66 P L P L P L 100. 0
67 P O o 1G9. 0
69 P P p 2 5 . 0
79 P L o o 100.  0
81 P p o 100.  0
83 P L o o 3 4 . 2
86 P L o o 100.  0
91 P p p 100.  0 
73.  5 Mean
^pycn id ium -like  bodies 
*#no pycnidia or p ycn id ium -like  bodies 
***pycnidia
ct f ro m  T ab le  I
than  true  pycnidia and not e ru m p en t.  Iso la tes produced e ith e r  pycnidia, 
pycnid ium -like  bod ies , or no pycnidia or pycnid ium -like  bo d ies .  In no 
case did any one of the iso la te s  produce bo th  pycnidia and pycnid ium - 
like b o d ie s .
The m ean d isease  index ra tin g  fo r the 18 iso la te s  which p roduced  
pycnidia or pycnid ium -like  bodies was 73 .5 . This figure is m uch higher 
than tha t for the 91 iso la te s  taken co llec tively , v iz . 53. 1, and a lso  g r e a te r  
than 4 8 .1 ,  the m ean for the 73 iso la te s  tha t did not produce pycnidia or 
pycnid ium -like  bod ies .
CHEMICAL CONTROL OF PINK ROOT
It was mentioned in the rev iew  of l i te ra tu re  that Thomas and Lane 
(48) found that the use of se v e ra l  fungicides on pink roo t infested land 
re su lted  in higher yields of onions in the t re a ted  plots as com pared  to 
the check p lo ts . F reem an  (15) te s ted  a la rge  nuinber of fungicides and 
successfu lly  contro lled  pink root on shallots by the use of Sem esan, 
S e tre te ,  and Agrox in one of his field  te s ts .  He a lso  found that these 3 
fungicides plus four other m a te r ia ls ,  C eresan  M, Manzate, M erso lite  8, 
and M ergam m a, were effective in controlling the d isease  in another 
s e r ie s  of field te s t s .  Since the work of Thomas and Lane, and F reem an  
was done, many new fungicides have been re le a s e d  for experim ental 
purposes by various chem ical com panies. Many of these new m ate r ia ls  
a re  nonm ercu ria ls  and consequently m ay not p re se n t  the to lerance p ro b ­
le m  often encountered when fungicides which contain m ercu ry  a re  used  
to t r e a t  food c rops .
The m ajo rity  of fungicides u sed  in the following s tud ies, m ost of 
them newly re le a s e d ,  were obtained f ro m  sev e ra l  chem ical companies 
for screening  in the labo ra to ry  and greenhouse. Those that showed some 
p rom ise  in these te s ts  were used  la te r  in the field . A lis ting  of these 
m a te r ia ls  and th e ir  sources  can be found in the appendix.
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L a b o ra to ry  and  g reenhouse  te s ts  fo r phyto toxicity .
As a p r e l im in a ry  to la rg e  sca le  te s t ing  of fungicides and ch em o - 
th e rap eu tan ts  fo r th e i r  ab il i ty  to  k i l l  the pink ro o t  fungus, som e phy to ­
to x ic i ty  ex p e r im en ts  w ere  s e t  up . F o r ty - s ix  m a te r ia ls  w ere te s te d  in 
the la b o ra to ry  a t  concen tra tions  ranging  f ro m  10 to 500 ppm . using  
onion seed  p laced  in P e t r i  d ishes containing the fungicides and chem o- 
th e ra p e u ta n ts . Tw enty-five  se e d  were p laced  in e a c h  of 4 d ishes for 
e a c h  m a te r ia l  te s te d .  G erm in a tio n  counts w ere  made a f te r  6 days and  
those  m a te r ia ls  th a t  inhib ited  g e rm in a tio n  w ere  r e te s te d  a t  a low er con ­
cen tra t io n .  The nonin ju rious concen tra tions  of these  46 m a te r ia ls  ran g ed  
f ro m  10 to 500 ppm . , as  can  be seen  in T ab le  VI.
F if teen  of the ch em ica ls  te s te d  in the la b o ra to ry  w ere  u se d  in a t e s t  
in the g reen h o u se . F o u r  inch  pots w ere  f i l led  w ith  sand  and e a c h  of four 
pots was t r e h te d  with one of the fif teen  m a te r ia ls  by applying it as  a  100 
m l. d ren ch . T w enty-five  onion seed  of the v a r ie ty  T exas  White G rano  
w ere  p lan ted  in ea c h  po t and  s tand  counts w ere  m ade a f te r  11 days to 
d e te rm in e  the num ber of seed lings  tha t had su rv iv ed . T hese  r e s u l t s  
a r e  p re s e n te d  in Table VII.
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Table VI. H ighest concentra tion  of 46 fungicides and chem otherapeutan ts  
a t  which the germ ination  of Texas White Grano onion seed  
In Vitro was 50 p e r  cent or m o re , com pared  to a w ater check.
M a te r ia l
Cone.
(ppm.) M ate r ia l
Cone, 
(ppm. )
Biopal CVL-10 200 Isothan Q-15 200
Vancide 51 500 CP 8525 500
Dithane D-14 500 Streptom ycin 500
T e rram y c in 500 A grim ycin 500
P 165 500 Anisom ycin 200
C alo-C lor 200 Mema MN 500
K rom ad 500 Merna RM 500
Cadminate 500 P V P Iodine-10 500
P u ra t iz e d  1143 200 P uxatized  1180 500
M ercadm ine 500 Captan 75 500
C arb . & C arb . EC 1/82 500 A cti-d ione , Thio-
C alc ium  sulfa mate 200 sem icarbazone  d e r . 25
P  251 25 A cti-d ione , methyl
P  237 200 hydrazone de r . 25
Oligomycin 25 A cti-d ione , a ce to -
O ma d ine , di s ulfide ac ta te  d e r . z 25
sa l t 200 A cti-d ione , s e m i-
Pheny l Hg benzoate 25 carbazone d e r . 25
Phenyl Hg n itra te 25 A cti-d ione , oxime der 25
Phenyl Hg hydroxide 25 Crag E F  224 200
8-OH- 7-Iodoquinoline - 8 -OH-Quinoline
5-Sulphonic ac id 200 HCL 25
Omadine, Zinc sa lt 100 T .C .N .B . 200
Bios ta t 100 RE 4334 200
B. B . 67 200 S orb is ta t 200
MSG 3 25 MM 21 25
4 4
T ab le  VII. N u m b er of seed lings  of the onion v a r ie ty  T exas  White Grano 
su rv iv in g  in san d  c u ltu re  11 days a f te r  t r e a tm e n t  w ith  15 
fung ic ides and  c h e m o th e ra p e u ta n ts .
M a te r ia l C one, (ppm .) Avg. N o. p e r  R ep lica tio n
B io p a l 100 100 86
Vancide 51 500 72
T e r r a m y c in 500 47
A nis  om ycin 100 20
P  VP Iod ine-10 500 83
A g r im y c in  100 500 95
M em a RM 100 87
P  165 100 89
Iso than  Q -15 100 92
CP8525 500 77
S trep to m y c in 500 86
C adm ina te 200 83
M em a MN 100 95
C aptan  75 500 96
C a r .  & C a r .  E C  1182 500 1
W ate r  C heck ------ 90
Two out of the 15 m a te r ia l s  t e s te d  in the g reen h o u se  a t  r a t e s  found 
nonphytotoxic  in  the la b o ra to ry  c a u se d  a  la rg e  re d u c t io n  in the n u m b er  of 
onion seed lin g s  su rv iv ing  a f te r  11 d ay s .
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L ab o ra to ry  te s ts  of fungicides for inhibition of P y renochae ta  t e r r e s t r i s .
X. A gar P la te  Method.
F if ty -fou r  fungicides w ere  te s te d  for inhibition of P y renochae ta  
t e r r e s t r i s  using the s ta n d a rd  ag a r  plate m ethod. In this method of 
sc reen in g , each  fungicide was in co rp o ra ted  into m odified C zapek 's  a g a r  
ju s t  before  it began to solidify . T h ree  p la tes  were poured  with each  lot 
of t r e a te d  a g a r .  E a c h  of the p la tes  was then inocula ted  in the cen te r w ith 
a m ycelia l plug of P y ren o ch ae ta  t e r r e s t r i s .  The inoculated p la tes were 
kept a t  27° C. and a t  the end of 10 days, the d iam ete r  of each colony which 
had developed was m e a su re d  and re c o rd ed . A ll m a te r ia ls  were te s te d  a t 
1000 p p m ,,  100 p e r  cent ac tiv ity , un less  o therw ise  noted. The re s u l ts  of 
these  te s ts  a r e  p re se n te d  in Table VIII.
T h ir ty -e ig h t  out of the 54 fungicides te s te d  by the ag a r  plate method 
inhibited the pink roo t fungus to a degree  that was highly sign ifican t. Four 
o thers  produced  s ignificant inhibition. T h e re fo re ,  42 fungicides could be 
c la s s if ie d  as  p rom is ing  and w orthy of fu r th e r  tes ting  in the g reenhouse and 
fie ld . However, p a s t  experience  has shown th a t  only a sm a ll  num ber of a 
given lot of fungicides w ill p e r fo rm  w ell ag a in s t  a given fungus. T h e r e ­
fo re ,  i t  was decided in view of the fac t tha t so  la rge  a num ber of m a te r ia ls  
had k illed  the fungus, tha t it would be a good idea to r e t e s t  them  in the 
la b o ra to ry  using som e other method of sc reen in g .
F re e m a n  (15) used  the F o rs b e rg  s tr in g  technique to s c re e n  fungi­
cides in the la b o ra to ry  and had re p o r te d  that m a te r ia ls  tha t k illed  the pink
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Table VIII. Average colony d iam eter (in m m .) of Pyrenochaeta  t e r r e s t r i s  
grown on modified C zapek’s agar tre a te d  with different fungi­
c ides.
M ateria l Colony D iam eter*
Hexa c hi or obe nz e ne 58.3
8-OH-7-Iodoquinoline -5~Sulphonic acid 0 . 0
Mema MN (1.5%) 0 . 0
Mema RM (4. 8 8 %) 0 . 0
B .B . 67 (1.85%) 0 . 0
A m erican  Cyanamid Exp. Fung. 5223 23. 1
A m erican  Cyanamid Exp. Fung. 12607 2 2 . 1
A m erican  Cyanamid Exp. Fung. 23441 27.0
C alo -c lo r 24.0
Omadine, Manganese sa lt 0 . 0
Omadine, Disulphide sa l t 0 . 0
Omadine, Zinc sa l t 5.3
Omadine, Thiourea sa lt 0 . 0
Omadine, F e r r i c  sa lt 15.5
W ater Check 6 0 . 0
L .S .D .  0.05 7. 76
L .S .D . 0.01 11.75
Omadine, Sodium sa lt 1 0 . 8
Omadine, Copper sa lt 1 2 . 1
WO-4778 (1%) 0 . 0
Panogen 15 (22%) 0 . 0
P it tsb u rg h  B-1843 0 . 0
Chem agro D-113 0 . 0
Chem agro D-121 0 . 0
Dow Compound M -244 0 . 0
Dow Compound M-245 0 . 0
P  VP-Iodine 61.5
K rom ad 2 1 . 0
Cadminate 38.9
P u ra tized  1180 38. 8
P u ra t iz e d  1143 24.1
Water Check 61. 8
L .S .D . 0.05 
L .S .D . 0.01
5.07
7.67
T a b le  V III. C o n tin u e d .
M a te r ia l Colony D ia m e te r*
Re 4334 0 . 0
C rag  Exp. Fung . 5400 45. 8
M e rc k  O rgan ic  C adm ium  Fung. H 258A 17. 8
Stauffer N244 0 . 0
Thioneb 50W 3 6 . 6
Stauffer Compound N521 28 .5
C rag  Exp. Fung . 224 2 2 . 6
MM 21 30. 1
W ater Check 48. 8
L .S .D .  0 .05  9 .32
L .S .D .  0. 01 14. 12
MSG 2 
MSG 3 
MSG 40 
MSG 1 
MSG 4
O rtho  P h a l ta n  50W 
W ater  C heck’
L .S .D .  0 .05 
L .S .D .  0.01
13. 16 
19.94
51.3
32 .4  
2 2 . 8  
52. 3
0 . 0  
31 .6  
70. 3
Dithane + SnC l2** 4 7 .9
" + T iC l2** 49. 8
" + C rK S 04 ** 4 5 .9
" +C eN 03** 4 8 .0
" + ZiNG3** 53. 8
" + C uS04 ** 52. 6
" +HgCl2 ** 55 .0
" + Z nS 04 ** 48. 5
" + N iC l2  ** 42. 6
Mane)3[ (70% ac tiv e ) 45. 0
Dithane 40. 0
C hem agro  C-272 0 . 0
W ater Check 52 .9
L .S .D .  0 .05 8 . 1 2
L .S .D .  0 .01 12.31
❖Average of 4 re p lic a t io n s
❖❖AH Dithane d e r iv a t iv e s  w ere  fo rm u la te d  to  conta in  an am ount of m e ta l  
e q u a l to  th a t  in  1000 ppm . of Maneb (70% ac tiv e ) .
ro o t fungus in the lab o ra to ry  a t  1 0 0  ppm. had a lso  caused  a significant 
d isease  reduction  in the fie ld , w ith one exception, when te s ted  a t  1 0 0  
ppm . on a so il  weight b a s is .  However we chose to u se  the te s t  d esc r ib ed  
below because of its basic  s im plic ity  and the quantitative na tu re  of the 
re su l ts  obtained.
2. Modified f i l te r  paper d isc technique.
One drawback of the ag a r  plate technique is th a t  the tem p era tu re  
of the w arm  a g a r  m ay cause some fungicides to  undergo decom position. 
Another difficulty in the use  of this method is the excess ive  length  of 
tim e re q u ire d  to f in ish  it. It takes 10 days to complete one t e s t  when 
P y renochae ta  t e r r e s t r i s  is u sed  as the te s t  o rg an ism . The modified 
f i l te r  paper disc technique does not have to be ru n  under a sep tic  condi­
tions, it  takes only 36 hours to com plete , and it  w ill probably not cause 
fungicides to decom pose. To use this technique, the pink ro o t  fungus is 
grown in modified C zapek 's  m edium  fo r  12 days and then it  is m a c e ra te d  
in a Waring B lendor. The inoculum  thus obtained is mixed with modified 
C zapek 's  agar a t  the ra te  of 25 m l. of inoculum  for each  100 m l. of a g a r .  
One half g ra m  of s trep tom ycin  sulfate (740 m eg. per  m g.)  is added to 
each  l i te r  of a g a r  to p reven t the growth of b a c te r ia l  contam inan ts . So lu­
tions of the fungicides to be te s ted  a re  p re p a re d  and the s tan d a rd  f i l te r  
p ap e r  d iscs  supplied by Schle icher & Schuell a re  soaked in them  for 30
m inu tes . The d iscs a re  then rem oved  f ro m  the so lu tions, d ra ined , and 
o
placed  in a  30 C. incubator to d ry . The seeded  ag a r  is poured  into P e t r
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dishes and allowed to solidify. Then the discs a re  placed on the surface 
of the agar and the dishes a re  incubated a t 2 7° C. A t the end of 36 hours, 
any zones of inhibition p re se n t  around  each disc a re  m easu red  (see 
F igures  2 and 3). The d iam eter of the zone of inhibition varies  d irec tly  
with the magnitude of the inhibiting effect of the fungicide in the filter 
paper disc technique.
The same 54 fungicides te s ted  by the agar plate method were te s ted  
for the ir  ability  to k ill  Pyrenochaeta  t e r r e s t r i s  using the modified f ilte r  
paper disc technique. The re su lts  of these tes ts  a re  p resen ted  in Table IX. 
A ll m a te r ia ls  were te s ted  a t  1000 ppm . , 100 per cent activ ity , unless 
otherwise noted. A zone d iam eter of 12.7  m m .,  the d iam eter of the 
filte r  paper disc , signifies no inhibition. Of the 54 fungicides tes ted  
using the f il te r  paper disc method, 25 produced highly significant inhib i­
tion of Pyrenochaeta  t e r r e s t r i s  while three others produced significant 
r e s u l t s . .
The re su lts  obtained in the agar plate and modified f il te r  paper disc 
te s ts  of 54 fungicides a re  p resen ted  together in Table X so that they might 
be com pared . It can be seen  that a slighly sm a lle r  number of fungicides 
were effective in killing Pyrenochaeta  t e r r e s t r i s  in the te s ts  employing 
the modified f ilte r  paper disc technique. F u r th e rm o re ,  of the 25 fungi­
cides which yielded highly significant re su lts  in the f il te r  paper disc te s ts ,  
2 0  had produced the sam e re su lts  when tes ted  by the agar plate method.
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Table  EX. A verage  d ia m e te r  of the zone of inhibition (in m m .)  using 
P y re n o c h a e ta  t e r r e s t r i s  in m odified f i l te r  p ap e r  d isc  te s ts  
of 5 5 fung ic ide s .
M a te r ia l Zone D ia m e te r*
H exach lor obenzene 1ZL7.
8-OH~7-Iodoquinoline -5-Sulphonic A cid 16 .6
M em a MN (15%) 39 .0
M em a RM (4. 8 8 %) 3 4 .4
B. B . 67 (1.85%) 39 .9
A m e r ic a n  C yanam id  Exp. Fung. 5223 15. 1
A m e r ic a n  C yanam id Exp. Fung. 12607 15. 1
A m e r ic a n  C yanam id  E xp . Fung. 23441 15.3
C a lo -C lo r 26.3
O m adine, M anganese s a l t 4 9 .6
O m adine, D isulphide sa l t 52 .3
O m adine, Zinc sa l t 28 .8
O m adine, T h io u rea  sa l t 51 .4
O m adine, F e r r i c  sa l t 19. 8
W ater C heck 12. 7
L . S . D. 0.05 5 .55
L. S. D. 0.01 8.41
O m a d ine , S o diu m  s a  It 51. 3
O m adine, C opper sa l t 24 .3
WO 4778 (1%) 46. 1
P anogen  15 (2.2%) 54. 3
P i t t s b u rg h  B-1843 31 .3
C hem agro  D-113 4 0 .3
C hem agro  D-121 34 .6
P  VP Iodine 12. 7
Dow Compound M -244 12.7
Dow Compound M -245 12.7
K ro m ad 28 .3
Cadm inate 12.7
P u r a t iz e d  1143 13.6
P u ra t iz e d  1180 15.6
W ater C heck 12. 7
L .S .D .  0 .05 9 .03
L .S .D .  0 .01 13.68
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T a b le  IX . C ontinue d .
M ateria l Zone D iam eter*
RE 4334 12. 7
Crag Exp. Fung. 5400 28.6
M erck Organic Cadmium Fung. H258A 12.7
Stauffer Compound N -244 16.9
Tbioneb 50W 29.9
Stauffer Compound N-521 12. 7
Crag Exp. Fung. 224 22.3
MM 21 19. 8
W ater Check 12. 7
L .S .D . 0.05 4 .80
L .S .D . 0.01 7.27
MSG 2 12.7
MSG 3 12.7
MSG 40 2 2 . 6
MSG 1 32.3
MSG 4 12.7
Ortho Phaltan  50W 17. 8
W ater Check 12. 7
L .S .D . 0.05 1.35
L .S .D .  0 .0 2 .04
Dithane + SnCl2  ** 12.7
" + T iC l 2 16. 5
" + CrK S0 4 12. 7
" + C eN 0 3 12. 7
" + Z iN 0 3 12. 7
" + N iCl2 12. 7
" + CuS04 12. 7
+ HgCl2 12. 7
" + ZnS0 4 18.6
Maneb (70% active) 12. 7
Dithane 16.1
Chem agro Compound C-272 12. 7
Water Check 12. 7
L .S .D . 0.05 2. 15
L .S .D .  0.01 3.26
*Avg. of 4 rep lications
❖^Formulated to  contain an amount of m eta l equal to tha t in 1000 ppm . of 
Maneb (70% active).
F ig u re  2. Typical zones of inhibition produced in one modified f i l te r  
paper disc te s t  a f te r  36 ho u rs .
P la te  No. M ateria l (1000 ppm .)
1 Mema MN
2 A cti-d ione , ace ta te  d e r .
3 Panogen 15
4 33* B . 67
5 M ercu r ic  chloride
6  W ater Check
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F ig u re  3. Typica l zones of inhibition p roduced  in ano ther m odified 
f i l te r  paper d isc t e s t  a f te r  36 h o u rs ,
P la te  No. M a te r ia l  (1000 ppm . )
1 W ater Check
2 P u ra t iz e d  1143
3 O m adine, f e r r i c  s a l t
4 C a lo -C lo r
5 P i t t s b u rg h  Cpd„ B-1843
6  Me m a MN
7 Om adine, disulphide sa l t
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Table  X. C om parison  of tbe r e s u l t s  obtained in the a g a r  plate and m odi­
fied f i l te r  paper  disc te s ts  of 54 fungic ides.
A gar  P la te  F i l t e r  P a p e r  
M a te r ia l  T e s t  D isc T es t
H exachlor obenzene NS* NS
8-OH~7-Iodoquinoline -5-Sulphonic A cid HS** NS
M em a MN (1.5%) HS HS
M em a RM (4.88%) HS HS
B .B .  67 (1.85%) HS HS
A m e r ic a n  Cyanam id E F  5223 HS NS
A m e r ic a n  C yanam id E F  12507 HS NS
A m e ric an  Cyanam id E F  23441 HS NS
C alo -C lo r HS HS
Om adine, M anganese sa l t HS HS
O m adine, D isulfide s a l t HS HS
O m adine, Z inc s a l t HS HS
O m a d ine , T hioure a s a lt HS HS
O m adine, F e r r i c  s a l t HS HS
O m adine, Sodium  sa l t HS HS
O m adine, Copper s a l t HS s  ***
WO 4778 (1.0%) HS HS
Panogen  15 (2. 2%) HS HS
P i t t s b u rg h  B-1843 HS HS
C hem agro  D-113 HS HS
C hem agro  D-121 HS HS
Dow Compound M -244 HS NS
P  VP-Iodine NS NS
Dow Compound M-245 HS NS
K rom ad HS HS
Cadm inate HS NS
P u ra t iz e d  1143 HS NS
P u ra t iz e d  1180 HS NS
RE 4334 HS NS
C rag  E F  5400 NS HS
M erck  O rganic  C adm ium  Fung. H258A HS NS
Stauffer Compound N - 244 HS S
C rag  E F  224 HS HS
Thioneb 50W S HS
Stauffer Compound N-521 HS NS
MM 21 HS S
MSG 2 S NS
MSG 3 HS NS
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T a b le  X . C on tin u ed .
A gar P late F i l te r  P ap e r
M ate r ia l T est Disc T e s t
MSG 40 HS HS
MSG 1 S HS
MSG 4 HS NS
Ortho Phaltan HS HS
Dithane + S n C ^ NS NS
Dithane 4- T iC ^ NS HS
Dithane + CrKS0 4 NS NS
Dithane + CeNO^ NS NS
Dithane + ZiN 0 3 NS NS
Dithane + CUSO4 NS NS
Dithane + HgCl2 NS NS
Dithane + ZnSO^ NS HS
Dithane + N iC ^ S NS
Maneb (70%) NS NS
Dithane HS HS
Chem agro C-2 72 HS NS
❖not significant a t  the 0.05 level 
❖❖significant d't the 0 . 0 1 % level 
❖❖❖significant a t  the 0J35% level
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The fungicides te s te d  in the la b o ra to ry  a t  1000 ppm . w ere  la te r  
t e s te d  in sand  cu ltu re  in the g reenhouse  a t  the sam e  co n cen tra tio n .
T hese  te s ts  w ill be d is c u s s e d  in g r e a te r  de ta il  in the nex t sec tio n  and 
a r e  m entioned  h e re  only fo r  the p u rp o se  of o r ien ta tio n .
Tw enty fungicides w hich  p re v e n ted  the deve lopm ent of pink ro o t  in 
sand  cu ltu re  w ere  te s te d  a t  2 0 0  ppm . u s in g  the m odified  f i l te r  p ap e r  d isc  
tech n iq u e . The r e s u l t s  of th is te s t  a r e  given in  Table  XI. As can be seen  
in th is  ta b le , only 3 of the 2 0  fungicides w hich co n tro lled  pink r o o t  in sand  
c u ltu re  a t  2 0 0  ppm . cau sed  s ign if ican t inh ib ition  of the  c a u sa l  fungus when 
te s te d  by  the m odified  f i l te r  p aper  d isc  technique a t  th is  co n cen tra tio n .
E v iden tly  the 2 la b o ra to ry  m ethods u sed  in the p r e s e n t  study can  not 
be c o n s id e re d  as  com ple te ly  re l ia b le  sc re e n in g  m e th o d s . In view of th is ,  
a  t e s t  m ight be dev ised  th a t  in c o rp o ra te d  the good fe a tu re s  of the a g a r  p la te  
and  f i l te r  p ap e r  d isc  m e th o d s . In th is  new te s t ,  the fungicide would be in ­
c o rp o ra te d  into the seed ed  a g a r  and  the d en s ity  of the p la te s  would be 
d e te rm in e d  by p h o to m e tr ic  m eans a f te r  the a g a r  so lid if ied . T h is  would 
be done by using  a  light m e te r  and  a ligh t so u rce  of known in te n s i ty .  The 
density  of the  p la tes  would be m e a s u re d  a f te r  s e v e r a l  days and the am oun t 
of l ig h t  ge tting  th rough  the p la te s  would be d i re c t ly  p ro p o r t io n a l  to the i n ­
hibiting  power of the fungicide be ing  te s te d .  A p re l im in a ry  t e s t  was run  
to d e te rm in e  the  fe a s ib i l i ty  of th is  m ethod  and  the r e s u l t s  in d ica ted  th a t  
i t  was p r a c t ic a l  once the va r io u s  s tep s  in the opera tion  w ere  s ta n d a rd iz e d .
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Table XI. A verage  d iam e te r  of the zone of inhibition (in m m .)  using
P y ren o ch ae ta  t e r r e s t r i s  in a m odified f i l te r  paper  d isc  te s t  
of 20 fungicides a t  200 ppm .
M a te r ia l Zone D ia m e te r 5^
Me m a MN (1.5%) 15.4
B . B . 67 (1. 85%) 15.6
Panogen  15 (2.2%) 14. 8
O m adine, M anganese sa l t 14. 8
O m adine, T h iourea  sa l t 18. 3
O m adine, Zinc s a l t 2 0 . 8
O m adine, D isulphide sa l t 20 .4
C hem agro  D-113 12. 7
C hem agro  D-121 12.7
M em a RM (4. 8 8 %) 13.6
Thioneb 50W 15. 0
P i t ts b u rg h  B -1843 12. 7
Dow Compound M-244 12. 7
Dow Compound M-245 12. 7
C rag  Exp. Fung. 224 15.4
Dithane D-14 12. 7
RE 4334 12. 7
C hem agro  C-272 12. 7
Dithane + T iC l2** 12. 7
Dithane + CeNOj** 12. 7
W ater Check 12. 7
L .S .D .  0 .05 3. 77
L .S .D .  0.01 5.71
❖Avg. of 4 rep lica t io n s  
^❖ Form ulated to  contain an am ount of m e ta l  equal to  th a t  in 1 0 0 0  ppm . 
of Maneb (70%).
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Greenhouse te s ts  for con tro l of pink ro o t.
The p r im a ry  objective of the greenhouse te s ts  of fungicides was to 
see  whether or not a c o rre la t io n  betw een lab o ra to ry , g reenhouse , and 
fie ld  te s ts  would re s u l t  in lessen ing  the n e c e ss i ty  for extensive Tie Id 
te s ts  which a re  time consum ing, expensive, and dependent on the w ea ther.
F ifty  of the m a te r ia ls  investigated  in the lab o ra to ry  w ere te s ted  in 
the greenhouse using  the sand culture  technique. A ll the fungicides w ere 
te s ted  a t  1000 ppm . , 100 p e r  cent ac tiv ity , unless o therw ise noted. Pots 
of in fested  sand were p re p a re d  by mixing 200 m l. of inoculum plus 500 m l. 
of Hoagland's solution with 10 kg. of sand. The inoculum  was obtained by 
groyning P yrenochaeta  t e r r e s t r i s  in modified C zapek 's m edium  for 12 days 
and then m acera ting  the cu ltu res  for one minute in a Waring B lendor.
E ach  of 4 four inch pots was t re a te d  with a 100 m l. d rench  of one of the 
fungicide solutions and im m edia te ly  th e re a f te r  onion seed  w ere sown and 
covered  with clean sand. Twenty-five seed  of the pink ro o t susceptib le  
v a r ie ty  Texas White G rano  w ere u sed  for each  pot in the f i r s t  two se r ie s  
of te s ts  and 50 seed  of the susceptib le  v a r ie ty  White Sweet Spanish w ere 
u sed  for each  pot in the th ird  s e r i e s .  The pots w ere w a te red  daily and 
w ere given Hoagland's solution once a week. A t the end of each  te s t ,  the 
p lants w ere carefu lly  rem oved  f ro m  the pots , weighed, counted, and 
g raded  fo r d isease  se v e r i ty .  This tes ting  was begun in the sp ring  of 1957 
but was unsuccessfu l due to the fac t tha t the iso la te  of P y ren o ch ae ta  
t e r r e s t r i s  lost its pathogenicity . A new s e r ie s  of te s ts  was inaugurated  
in the late fa ll  of 1957 using another iso la te ,  but this isolate  apparen tly
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a l s o  lo s t  i ts  pa tho g en ic ity .
T h e re  had b een  no ind ica tions  in  the l i t e r a tu r e  th a t  r e p e a te d  m y c e l ia l  
t r a n s f e r s  of P y re n o c h a e ta  t e r r e s t r i s  m igh t r e s u l t  in  an  iso la te  losing  its 
pa th o g en ic ity . H ow ever, su c h  w as the c a se  w ith  the seco n d  iso la te  u s e d ,
i . e .  a  p a th o g en ic i ty  t e s t  run  in O c to b e r ,  1957 show ed i t  was quite  v i r u ­
le n t  b u t  by J a n u a ry  of 1958 the c u l tu re  had co m p le te ly  lo s t  its  p a th o g e n ic ­
i ty .  In o rd e r  to p re v e n t  th is  f r o m  happening ag a in  in the th i rd  s e r i e s  of 
t e s t s ,  5 highly  pa thogen ic  is o la te s  w ere  t r a n s f e r r e d  to a n u m b er  of s la n ts  
and  th ese  w e re  s to r e d  in  a  7° C. r e f r i g e r a t o r .  Inoculum  for the sand  
c u l tu re  te s t s  was p r e p a r e d  by  inocu la ting  f la sk s  of m odified  C zap ek 's  
m ed iu m  w ith  m y c e l iu m  f r o m  th e se  s la n ts  w hich  w ere  u s e d  only once and  
then  d is c a rd e d .  T his m ethod  p ro v ed  to  be s u c c e s s fu l  and  a h igh  deg ree  
of in fec tion  was ob ta ined  in th is  s e r i e s  of te s t s  s t a r t e d  in the sp r in g  of 
1958 and  con tinued  th ro u g h  e a r ly  s u m m e r .
The r e s u l t s  of th is  s e r i e s  of te s ts  a r e  p r e s e n te d  in T ab le s  XII, XIII, 
a n d  XIV. In add ition  to  the 4 d is e a se  c a te g o r ie s  of 25, 50, 75, and  100, 
it w as n e c e s s a r y  to add  a  c la s s i f ic a t io n  fo r  those  re p l ic a t io n s  in  w hich  
le s s  than  one p e r  cen t of the  ro o ts  of the seed lin g s  w ere  in fec ted . This 
c a te g o ry  was d e s ig n a ted  a s  t r a c e  and  i ts  sy m b o l was m ade "t. " In c o m ­
puting the d is e a s e  in d ic e s ,  a t r a c e  r a t in g  was m ade eq u a l.to  z e r o  and  so  
a v e ra g e d  (see  F ig u re  4).
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T a b le  X II. R e s u l t s  o f t e s t  1 of s e v e r a l  fu n g ic id e s  a t  1000 p p m . fo r  c o n ­
t r o l  of p in k  r o o t  in  sa n d  c u ltu r e  o f W hite S w e e t  S p a n ish  o n io n
s e e d l in g s  gro w n  fo r  57  d a y s .
Avg. D is . :';
Index per Avg. F r .  Wt. Avg. No. of
R eplica tion (g m s . ) per P lan ts  p e r
Fungicide (%) R eplica tion R eplica tion
^  1M em a MINT (1.5%) 
Re 4334
0 . 0 21 .9 40 .3
t 24. 0 35. 5
B. B . 67 (1. 85%) t 2 9 . 6 37 .5
Omadine, Copper sa lt* t 2 4 .4 37. 5
Mema RM (4.88%) t 21.9 36.3
A m erican  C yanam id Exp.
Fung. 5223^ 1 0 0 . 0 0 . 6 5 .3
K rom ad 31.2 15. 8 33.3
Cadminate 1 0 0 . 0 0. 5 2. 5
Panogen  15 (2.2%) 0 . 0 2 9 .8 33 .8
WO 4778 (1.0%) 3 1 .4 34.1 36 .0
Thioneb 50W 0 . 0 31 .5 34. 3
O m adine, M anganese s a l t 0 . 0 24 .5 35. 5
O m adine, Z inc s a l t 0 . 0 27.0 32. 7
O m adine, Disulphide s a l t 0 . 0 26 .0 33. 5
Hexa c hlor obenz ene 94.3 6 .4 30. 8
C rag  Exp. Fung. 5400* 0 . 0 1 2 . 1 32. 0
C hem agro  C-2 72 t 34.3 32. 5
8  -OH-7-Iodoquinoline - 5-
Sulphonic A cid 1 0 0 . 0 1 .4 7 .5
O rtho P h a ltan 6 . 2 2 7 .8 32. 5
S tauffer Compound N -244 0 . 0 0 . 0 0 . 0
Uninoculated Check 0 . 0 32. 8 41 .0
W ater Check 1 0 0 . 0 1 . 1 7. 8
2 0 0  ppm .
2
500 ppm .
* phytotoxicity
?61
T a b le  X III. R e s u lt s  o f t e s t  2 o f s e v e r a l  fu n g ic id e s  a t  1000 p p m . fo r  c o n ­
t r o l  o f p ink r o o t  in  sa n d  c u ltu re  o f  W hite S w e e t  S p a n ish  on ion
s e e d lin g s  gro w n  fo r  49  d a y s .
Fungicide
Avg. D is . 
Index per 
R eplication 
(%>
Avg. F r .  Wt. 
(g m s .) per 
R eplication
Avg. No. of 
P lan ts  per  
Replication
A m erican  Cyanam id Exp. 
23441
Fung.
4 9 .4 10. 7 2 1 . 0
A m erican  Cyanam id Exp. 
126072
Fung.
61.5 6 . 5 13.0
C alo -C lo r 53.6 18. 7 34. 0
Omadine, T h iourea  s a l t t 23. 8 31 .8
Omadine, F e r r i c  sa l t‘d 4 3 .4 2 1 . 2 30.5
Omadine, Sodium salt^ 32.1 22.4 31 .0
P it tsb u rg h  B-1843 
C hem agro D-113^
0 . 0 20. 7 29 .5
0 . 0 17.2 27. 0
C hem agro  D-121 19.4 19.8 30. 5
Dow Compound M-244 0 . 0 25. 0 23. 8
Dow Compound M -245 0 . 0 2 2 . 2 29.5
PV P Iodine 45 .2 2.3 5.3
P u ra t iz e d  1143^ 69.5 9 .0 16. 0
P u ra t iz e d  1180^ 34. 3 7.2 I—1 00 a 00
M erck  Organic Cadm ium  
Fung. H258A o e o 0 . 0 0 . 0
Crag Exp. Fung. 224 0 . 0 2.9** 2 0 . 0
MM 21 6 8 . 8 1.5 5. 0
MSG 44 0 . 0 * 0 . 0 0 . 0
MSG 2 57. 7 2 .4 6 .5
MSG 3 6 8 . 8 0 .9 4 .0
Uninoculated Check 0 . 0 24.2 30.9
W ater Check 6 6 . 6 3. 1 6.3
1 0 0  ppm .
2  50 ppm.
? 2 0 0  ppm.
500 ppm .
* A ll seedlings k illed  by the d isease  
** phytotoxicity
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T a b le  X IV . R e s u l t s  o f  t e s t  3 o f s e v e r a l  fu n g ic id e s  a t  1000  p p m . fo r  c o n ­
t r o l  o f p in k  r o o t  in  sa n d  c u ltu r e  o f W hite S w e e t  S p a n is h  o n io n
s e e d l in g s  g ro w n  fo r  49  d a y s .
Fungicide
Avg. D is . 
Index p e r  
R ep lica tion  
(%)
Avg. F r .  Wt.
( g m s .) p e r  
R ep lica tion
Avg. No. of 
P lan ts  p e r  
R ep lica tion
Dithane + SnCl^* 15.7 18. 8 2 0 . 8
Dithane + T iC ^ * 0 . 0 14. 2 19. 8
Dithane + CrKSC>4* 7 .9 23. 0 27.0
Dithane + CeN0 3  * 0 . 0 22 .5 25. 3
Dithane + Z iN C^* t 28. 7 28. 0
D ithane + CUSO4  * 21 .3 2 0 . 6 23 .5
Dithane + HgCl2 * 7 .5 2 6 . 0 2 6 . 0
Dithane + ZnSO^ ❖ 7.5 22.3 22. 5
Maneb (70%) 2 9 .4 2 2 . 6 25 .5
D ithane t 2 0 .4 2 2 . 8
U ninoculated  Check 0 . 0 26 .9 26. 6
W ater Check 87. 1 2 . 0 8 .3
❖ Form ulated  to conta in  an  am ount of m e ta l  equa l to  th a t  in 1 0 0 0  ppm . of 
Maneb (70%).
T w en ty - th ree -o u t  of 50 fungicides te s te d  in sand  cu ltu re  red u ced  
the incidence of pink ro o t  to one p e r  cen t o r  l e s s .
F ig u re  4.
1 2 3 4
■6
Onion seedlings of the v a r ie ty  White Sweet Spanish  f ro m  a 
sand  cu ltu re  t e s t  of s ev e ra l  fun g ic id es»
F u ngicide (1000 p p m .)  Group No. Avg. P i s .  Index
W ater Check 1 1 0 0 . 0
B. B . 67 2 t
O m adine, M anganese sa l t 3 0 . 0
8  -OH - 7 - Iodoqua inoline - 5 ~
Sulphonic A cid 4 1 0 0 . 0
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Two te s t s  w ere  ru n  in the g reen h o u se  during  the s u m m e r  of 1958. 
F u n g ic id e s  w hich  p e r fo rm e d  w e ll  in  san d  c u l tu re  te s ts  a t  1000 ppm . w ere  
r e t e s t e d  a t  200 ppm . The r e s u l t s  of th e se  t e s t s  a r e  given in T ab les  XV 
and  XVI.
T ab le  XV. R e su l ts  of t e s t  1 of s e v e r a l  fungic ides  a t  200 ppm . fo r  c o n tro l  
of pink ro o t  in  sand  c u ltu re  of White Sw eet S p an ish  onion 
seed lin g s  grow n in sand  c u ltu re  fo r  41 days .
Fung ic ide
A vg. D is .  
Index p e r  
R ep lica t io n  
(%)
A vg. F r .  Wt. 
(g m s .) p e r  
R ep lica tio n
A vg. N o. of 
P la n ts  p e r  
R ep lica t io n
1
Me m a MN (1.5%) t 5 .9 24. 0
B . B .  67 (1. 85%) 0 . 0 8 .4 26. 0
P an o g en  15 (2.2%) 51. 7 6 . 8 2 2 . 0
G m a d in e , Mang ane s e s a It 0 . 0 8 . 8 2 6 . 8
O m adine , D isulphide s a l t 0 . 0 8 . 5 2 5 .5
O m adine , T h io u re a  s a l t 0 . 0 8 . 7 25. 8
C h em ag ro  D-113 87. 1 3 .3 16. 0
C h em ag ro  D-121 8 6 . 1 4 .3 15. 3
O m ad ine , Z inc s a l t 0 . 0 4 .4 21 .3
U ninocu la ted  check 0 . 0 8 . 3 23. 5
W ate r  C heck 7 2 ,4 4 .4 14. 3
1 4 0  p p m .
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T a b le  X V I. R e s u lt s  o f t e s t  2 o f s e v e r a l  fu n g ic id e s  a t 200 p p m . fo r  c o n ­
t r o l  o f p in k  r o o t in sa n d  c u ltu re  o f W hite S w e e t  S p a n ish  on ion
s e e d lin g s  grow n  fo r  41 d a y s .
Fungicide
Avg. D is . 
Index per  
R eplication  
(%)
Avg. F r .  Wt. 
(g m s .)  per  
Replication
Avg. No. of 
P lan ts  p e r  
R eplication
Mema RM (4. 8 8 %) 73. 2 8 . 2 24.0
Thioneb 50W 0 . 0 1 2 . 6 28.8
P it tsb u rg h  B-1843 0 . 0 9. 7 24. 3
Dow Compound M-244 55. 7 6 . 1 15.3
Dow Compound M-245 55. 6 3.1 11.3
Crag Exp. Fung. 224 43 .2 5.9 18.5
Dithane 0 . 0 10.3 24.5
RE 4334 73. 1 4 .2 16.3
C hem agro  C-272 64. 1 4 .4 16.0
Dithane + TiGl^* 37.3 8 .7 25.0
Dithane + C eN 0 3  * 70. 8 0 . 8 4 .5
Uninoculated Check 0 . 0 8.5 19.5
W ater Check 71. 7 3 .0 11.3
❖Formulated to contain an am ount of m e ta l  equal to  tha t in 200 ppm . of 
Maneb (70%).
In th is s e r ie s  of te s ts  a t  the low ered  concentra tion , 9 of the 20 
fungicides reduced  the incidence of pink roo t to 1 p e r  cent or l e s s .  T hree  
of the 9  m a te r ia ls  effective a t  2 0 0  ppm . in sand culture  w ere a lso  effective 
a t  tha t concentra tion  when te s te d  by the modified f i l te r  paper disc technique.
66
T e s ts  in  the f ie ld  for co n tro l  of pink ro o t .
1. S ep tem b er ,  1957 t e s t s .
F ie ld  te s ts  involving 16 fungicides w ere  put out a t  one loca tion  in 
L a F o u rc h e  P a r i s h  and  a t  one loca tion  in S t.  B e rn a rd  P a r i s h  in 
S e p te m b e r ,  1957. The te s t s  w ere  com ple ted  in D ecem b er and  upon h a r ­
vesting  the sha llo ts  i t  was seen  th a t  th e re  was no pink ro o t  p r e s e n t .  T his  
u n ifo rm  lack  of d ise a se  m ay have been  due to  the ab n o rm a lly  la rg e  am oun t 
of p re c ip i ta t io n  during  the fa l l  of 195 7 plus the fac t  th a t  the sh a llo ts  a p ­
p a re n t ly  w ere  f r o m  a pink ro o t  r e s i s t a n t  c lone .
2. M arch , 1957 te s t . .
F if te e n  fungicides w ere  u s e d  in a  t e s t  to  co n tro l  pink ro o t put out a t 
the L . S. U. H ill F a r m  in M arch , 1958. Onion t r a n sp la n ts  of a  pink ro o t  
su scep tib le  v a r ie ty  w ere  u s e d .  The bulbs w ere  dug in M ay and  i t  was ob­
s e rv e d  th a t  th e re  was only a  t r a c e  of pink ro o t .  The m a jo r i ty  of the  bulbs 
had ro o ts  tha t w ere  com ple te ly  f re e  of the d is e a s e .  The la rg e  am ount of 
r a in fa l l  during  the sp r in g  of 1958 p robab ly  con tr ib u ted  to  th is  la ck  of pink 
ro o t  developm ent.
3. A ugust, 1958 t e s t s .
S ix teen  fungicides th a t  re d u c ed  the incidence of pink ro o t  to one p e r  
cent o r le s s  in sand  cu ltu re  t e s t s  in the g reenhouse  w ere  u s e d  in t e s t s  pu t 
out during the  e a r ly  p a r t  of A ugust, 1958 a t  two loca tions  in  St. B e rn a rd  
P a r i s h  and  a t  one loca tion  in L a F o u rc h e  P a r i s h .  The t e s t  p lots w ere  
p lan ted  w ith  bulbs of the pink ro o t  su scep tib le  sh a l lo t  v a r ie ty  T a s s in  during
67
the day  following the app lica tio n  of the fung ic ides . No pink ro o t  developed 
in th ese  p lo ts .  This was p ro b ab ly  due to the la rg e  n um ber of wet days 
during the p e r io d  f ro m  e a r ly  A ugust to the end of S e p te m b e r .
M isce llaneous  te s t s .
Two p a p e rs  pub lished  in 195 7 p ro m p ted  the study of the e ffects  c e r ­
ta in  am ino  ac id s  m igh t have on the pa thogen ic ity  of P y re n o c h a e ta  
t e r r e s t r i s . Skoropad  and  A rn y  (40) found th a t  2 s t r a in s  of H e lm in th o sp o r- 
iu m  g ra m in e u m  which exh ib ited  s tr ik in g  d iffe ren ces  in pa thogen ic ity  on 
s e v e r a l  b a r le y  v a r ie t ie s  re sp o n d ed  d iffe ren tly  when they  w ere  grow n in 
liqu id  m edia  with d iffe ren t am ino  a c id  a d d i t iv e s .  H rushovetz  (30) r e ­
p o r te d  th a t  he could cause  a  p ro g re s s iv e  a ttenua tion  in the pathogen ic ity  
of H e lm in th o sp o r iu m  sa t iv u m  when he g rew  it on C z a p e k ’s a g a r  m ed iu m
plus 0 . 1 p e r  cent of any one of nine am ino  a c id s .
1. G reenhouse  t e s t s .
S e v e ra l  te s ts  w ere  ru n  in the g reenhouse  and  co n s tan t te m p e ra tu re  
room s to  d e te rm in e  the effec t c e r ta in  am ino  ac id s  m ight have on the 
pa thogen ic ity  of i so la te s  of P y re n o c h a e ta  t e r r e s t r i s . Iso la te s  w ere  grow n 
in f la sk s  of G zapek 's  m ed iu m  to which 1000 ppm . of e a c h  of s e v e r a l  
am ino  ac id s  w ere added . The inocu lum  thus obtained p ro d u ced  s im i la r  
r e s u l t s  in  sand  cu ltu re  to  those  obtained when grow n in m edia  to w hich no 
am ino  ac ids  w ere  added . No d e c re a s e  in d ise a se  s e v e r i ty  was s e e n  in any  
of the t r e a tm e n ts  in the  g reenhouse  or in the co n s tan t te m p e ra tu re  room s*
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2. F ie ld  t e s t s .
Shallo t t ra n sp la n ts  and  bulbs w ere  soaked  in  the following so lu tions 
of am ino  ac ids  fo r 24 hours  p r io r  to p lanting in pink ro o t  in fe s ted  so i l ,  to 
see  w hether or not this t r e a tm e n t  m ight red u ce  the incidence  of the 
d is e a se :
cystine  5000 ppm .
1 a rg in in e  HC1 5000 ppm .
dl leucine 2500 ppm .
dl a lan ine  5000 ppm .
dl m ethionine 5000 ppm .
wate r
No s ig n if ican t red u c tio n  in the am ount of pink ro o t  was o b se rv ed  on 
bulbs th a t  had been  soaked  in the am in o  a c id  so lu t io n s .  H ow ever, the 
t ra n sp la n ts  which had  been  soaked  in cys tine  and  a rg in ine  exh ib ited  a
m a rk e d 1 deg ree  of in fection , highly s ign if ican t as  co m p a red  to the p lan ts
soaked  in p la in  w a te r .
S tudies w ith cu ltu re  f i l t r a te s  of P y re n o c h a e ta  t e r r e s t r i s ,
The aboveground  sym ptom s of pink ro o t  v iz .  tip  burn ing  and  la te r  
s tun ting , su g g es ted  th a t  the  pathogen m ight p roduce  a  toxin  w hich was r e ­
sponsib le  for th e se  sy m p to m s. S e v e ra l  t e s t s  w ere  ru n  to d e te rm in e  
w hether  o r  no t th is  m ight be t ru e .  Onion se e d lin g s ,  onion p la n ts ,  and  
p lan ts  of o ther sp e c ie s  w ere  p laced  in  b e a k e rs  w hich  conta ined  f i l t r a te s  
f r o m  c u ltu re s  of s e v e r a l  pathogenic  iso la te s  of P y re n o c h a e ta  t e r r e s t r i s .
C o n trad ic to ry  r e s u l t s  w ere  obtained and  it  was not feas ib le  in th is  l im ited  
s e r i e s  of te s ts  to a c c u ra te ly  s ta te  w hether o r  not the fungus does e lab o ra te  
a toxin.
ST U D IE S  W ITH  CHE MOT HE R A P E  U T A N T S
A lthough co n tro l  of^certain  p lan t d is e a se s  by ch em otherapy  is 
c e r ta in ly  not a new id ea , i t  is only r e c e n t ly  tha t  a b ro a d  cam paign  of 
inves tig a tio n  along ch em o th e rap eu tic  lines has gotten underw ay . Che m o ­
th e r  apeu tan ts  , a cco rd in g  to H o rs fa l l  (28), m ay som eday  be u se d  to con ­
t r o l  d ifficu lt d is e a se s  such  as those cau sed  by v iru se s  and v a sc u la r  
p a r a s i t e s ,  ro o t  ro ts  tha t a r e  d ifficult to co n tro l  by o rd in a ry  ch em ica l  
m ean s , and d is e a s e s  of c ro p s  c o m p a ra t iv e ly  low in value w here  the co s t  
of continuous p ro tec t io n  would be p ro h ib i t iv e .
P ink  ro o t  of onions and  sha llo ts  is a ro o t  ro tt in g  d isea se  th a t  is 
no t ye t being c o n tro l led  su c c e ss fu l ly  by o rd in a ry  ch em ica l  m eans o r  by 
the use  of r e s i s t a n t  v a r ie t i e s .  F u r th e r m o r e ,  the sha llo t  c ro p  in L ou is iana  
is  low in value co m p a red  to c rops  such  as  p eaches  or I r i s h  p o ta to e s .  C on­
sequen tly , the sh a llo t  f a r m e r  m ight no t be able  to a ffo rd  the co s ts  of 
som e of the new er o rgan ic  fungicides which m ay co n tro l  pink ro o t ,  bu t 
m ight a f fo rd  to u se  a ch em o th e rap eu tan t .
C hem otherapy  is  defined by H o rs fa l l  (28) a s  the in te rn a l  t r e a tm e n t  
of in fec tio n s . The th re e  m ain  types of chem o th e rap y  a re  (a) to p ica l  
ch em o th e rap y , (b) s y s te m ic  chem o th e rap y  of lo c a l  in fe c t io n s , and  
(c) s y s te m ic  ch em o th e rap y  of sy s te m ic  in fec tio n s .
Che m ot her  apeu tan ts  have been su c c e ss fu l ly  u se d  in a v a r ie ty  of 
ways to  c o n tro l  d is e a se s  on m any d if fe ren t  p la n ts .  T h is  is shown in
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Table XVII, which contains a synopsis  of som e of the m ore  s ign ifican t 
re p o r ts  in the l i t e ra tu re  concerning the use  of chem otherapeu tan ts  for 
p lan t d isease  con tro l.
The synopsis in Table XVII c le a r ly  shows tha t many d ifferen t 
chem otherapeu tan ts  have been t r i e d  in a v a r ie ty  of ways on a num ber 
of d iffe ren t p lan ts .  It was fe lt tha t chem otherapeu tic  con tro l  of pink 
roo t was possib le  and  w ork was begun tow ard  this end. The f i r s t  i n ­
vestiga tion  concerned  i ts e lf  w ith la b o ra to ry  sc reen in g  of c h e m o th e ra ­
peutants for th e ir  ab ili ty  to k ill  P y ren o ch ae ta  t e r r e s t r i s . A t the sam e 
tim e , availab le  m a te r ia ls  that had shown p ro m ise  in te s ts  r e p o r te d  in 
the l i t e r a tu re  w ere te s te d  in the greenhouse  and  in’the field . The next 
s e v e ra l  pages dea l with the r e s u l ts  of these  te s t s .
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Table XVII. A synopsis of p lant d isease  con tro l by the use  of chem o­
therapeu tan ts  .
C hem othera -  Method of 
P lan t___________ D isease____________ peutant_______  Application______ Citation^
Apple fireb ligh t s trep tom ycin sp ra y 57
Barley powdery mildew griseofu lv in so il  d rench 3
Bean mildew cycloheximide sp ray 53
Bent g ra s s dollar spot cycloheximide sp ray 54
B rocco li downy mildew A grim ycin sp ray 35
Cactus crown gall penicillin soaked  cotton wool 5
C arnation wilt C & C 1182 overnight soak 4
Cucum ber scab m aleic  hydrazide so il  d rench 43
E lm Dutch e lm  d i s . sa licy lic  ac id holes in trunk 44
Grape b lack  ro t fe rb am sp ray 2
Lettuce downy mildew te r  s an so il  d rench 24
M ushroom lip stick  mold te r r a c lo r d ren ch 19
P e a c h brown ro t cycloheximide sp ray 36
P ep p er b a c te r ia l  spot A grim ycin s p ra y 7
S tra w b e rry re d  stele Dithane D-14 so il  d rench 42
Tobacco blue mold zineb so il  d rench 47
Tom ato F u s a r iu m  wilt N. A. A. foliage d rench 1 1
Wheat s te m  r u s t sulfadiazine sp ra y 29
^Gee L ite ra tu re  Cited
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T e s ts  in the la b o ra to ry .
1. A gar P la te  Method
Tw enty-nine chem otherapeu tan ts  w ere te s te d  fo r th e ir  ab ility  to 
inhibit the pink ro o t  c au sa l  o rg a n ism  using the s ta n d a rd  ag a r  plate 
methodo In th is  m ethod of sc reen in g , e a c h  chem otherapeu tan t was in ­
co rp o ra ted  into m odified C zapek 's  ag a r  ju s t  before  i t  began to  solidify. 
T h ree  p la tes  w ere poured  w ith  each  lot of t r e a te d  a g a r .  E ach  of the 
p la tes  was then inocula ted  in the cen te r  with a m yce lia l plug of 
P y ren o ch ae ta  t e r r e s t r i s . The inoculated  p la tes  w ere kep t a t  27° C. and 
a t  the end  of 1 0  days, the d iam e te r  of e ach  colony which had developed 
was m e a su re d  and re c o rd e d .  The r e s u l t s  of th is  s e r ie s  of te s ts  a re  
p re se n te d  in Table XVIH.
A ll m a te r ia ls  w ere  te s te d  a t  1000 ppm . , 100 p e r  cent ac tiv ity , 
un less  o therw ise  no ted . Twenty-two out of the 29 chem otherapeu tan ts  
te s te d  by the a g a r  plate m ethod cau sed  highly sign ifican t inhibition of 
P y ren o ch ae ta  t e r r e s t r i s  and  one cau sed  sign ifican t inhibition.
2. Modified f i l te r  paper  d isc  method.
Tw enty-nine chem otherapeu tan ts  w ere te s te d  for the ir  ab ili ty  to 
inhibit P y ren o ch ae ta  t e r r e s t r i s  in te s ts  involving the m odified f i l te r  paper 
d isc  technique. A ll m a te r ia ls  w ere  te s te d  a t  1000 ppm . , 100 p e r  cent 
ac tiv ity , un less  o therw ise  noted . The r e s u l t s  of these  te s ts  a r e  p re se n te d  
in Table XIX. A zone d iam e te r  of 12. 7 m m . , the d iam e te r  of the f i l te r  
p ap e r  d isc , s ign ifies no inhibition.
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Table XVIII. A verage  Colony D iam ete r  (in m m . ) of P y ren o ch ae ta
t e r r e s t r i s  grown on Modified C zapek 's  agar, t r e a te d  with 
d ifferen t ch em otherapeu tan ts .
C he m other apeutan t Colony D iam ete r#
CP 8525 0. 0
C P 10616 0 . 0
CP 8621 0. 0
CP 9425 43 .3
CP 10512 0 . 0
W ater Check 48. 8
L .S .D .  0.05 9 .32
L .S .D .  0.01 14. 12
A cti-d ione 0. 0
A cti-d ione , ace to ace ta te  deriva tive 18. 8
A cti-d ione , th io sem ica rb azo n e  deriva tive 0 . 0
A cti-d io n e , m ethyl hydrazone deriva tive 18. 8
A cti-d ione , ace ta te  deriva tive 38. 5
A cti-d ione , sem ica rb azo n e  deriva tive 0 . 0
A cti-d io n e , oxime deriva tive 38. 5
G riseofu lv in 2 6 . 6
W ater Check 70.3
L .S .D .  0 .05 13. 16
L .S .D .  0.01 19.94
C arbon & C arb ide  E xp . Compound 1182 0 . 0
A grim yc in  100 38.9
M ycosta tin 0 . 0
Olin M athieson C hem ical #G-1143 27. 6
A grim ycin  500 33. 1
8 -OH-Quinoline -su lfa te 0 . 0
8  -Quinolinol - sulfa mate 0 . 0
P o ta s s iu m  pen ic illin 4 4 .8
S trep tom ycin  su lfate  (740 m eg. p e r  mg. ) 52.9
Oligomycin 0 . 0
A nisom ycin 25.5
P  165 34.0
T e r ra m y c in  HC1 (935 m eg . p e r  m g .) 56 .4
A ureom ycin 54 .0
W ater Check 55.6
L .S .D .  0.05 8 . 74
L .S .D .  0.01 13.23
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T a b le  X V H I. C o n tin u ed .
Che m otherapeutan t Colony D iam eter*
A chrom ycin  HCl 59.6
Neomycin sulfate 49 .9
W ater Check
L .S .D .  0.05 8 . 12 
L .S .D .  0.01 12.31
52.9
*Avg. of 4 rep lications
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Table XIX. A verage  d iam e te r  of the zone of inhibition (in m m . ) using 
P y ren o ch ae ta  t e r r e s t r i s  in m odified f i l te r  paper d isc  te s ts  
of 2 9  ch em o th erap eu tan ts .
C he m otherapeu tan t Zone D iam e te r*
CP 8525 52. 5
CP 10616 34 .8
C P 8621 16.4
CP 9425 12. 7
CP 10512 42 .0
W ater Check 12. 7
L .S .D . 0. 05 4. 80
L. S . D . 0 . 0 1 7.27
A chrom ycin  HCl 12. 7
N eom ycin sulfate 12. 7
W ater Check 12. 7
L. S . D. 0. 05 2. 15
L .S .D .  0. 01 3.26
C arbon & Carbide E xp . Compound 1182 2 2 . 1
A grim yc in  100 12. 7
My costa  tin 16.5
Olin M ath ieson  C hem ical #G-1143 14.9
A grim yc in  500 32.0
8  -OH-Quinoline -su lfa te 12.7
8 -Quin ol in ol - s u lfa ma te 12. 7
P o ta s s iu m  pen ic ill in 12. 7
S trep tom ycin  sulfate (740 m eg. p e r  m g .) 12.7
Oligomycin 12. 7
A nisom ycin 18. 6
P  165 12. 7
T e r ra m y c in  HCl (935 m eg. p e r  m g .) 12. 7
A ureom ycin 12.7
W ater Check 12. 7
L .S .D .  0 .05  2 .40
L .S .D .  0 .01 3.63
*Avg. of 4 rep lica t io n s
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T a b le  X IX . C on tin u ed
C he mothe r  apeutant Zone D iam ete r*
A cti-d ione 28. 6
A cti-d ione , ace toace ta te  derivative 12. 7
A cti-d ione , th iosem icarbazone  derivative 12.7
A cti-d ione , methyl hydrazone derivative 12. 7
A cti-d ione , ace ta te  derivative 12. 7
A cti-d ione , sem icarbazone  derivative 12. 7
A cti-d ione , oxime derivative 12. 7
G riseofulvin 12. 7
W ater Check 12. 7
L .S .D .  0.05 1.35
L .S .D .  0.01 2 .04
*Avg. of 4 rep lica tions
Eight out of the 29 chem otherapeutan ts  te s ted  by the f i l te r  paper 
d isc  method a t  1 0 0 0  ppm . caused  highly s ignificant inhibition of 
P y renochae ta  t e r r e s t r i s .
78
G reen h o u se  t e s t s  of ch e m o th e ra p e u ta n ts  for c o n tro l  of p ink r o o t .
In the f i r s t  g reen h o u se  te s ts  of c h e m o th e ra p e u ta n ts ,  18 day old 
onion se e d l in g s ,  3 to  4 inches  long, w ere  u s e d .  T hey  w ere  t r e a t e d  by 
soak ing  the ro o ts  in so lu tions  of s e v e r a l  c h e m o th e ra p e u ta n ts .  The 
t r e a t e d  seed lings  w ere  then  p lan ted  in pots  of n a tu ra l ly  in fe s ted  so i l .
T h is  m ethod  was no t s u c c e s s fu l  b e c a u se  the seed lin g s  p ro v ed  too te n d e r  
an d  did  not su rv iv e  the t r e a tm e n ts  an d  t r a n sp la n t in g .
In o rd e r  to overcom e the d iff icu ltie s  e n g e n d e re d  by t r a n sp la n t in g ,  
seed lings  w e re  grow n in po ts  of san d  w hich  w e re  im m e r s e d  in  so lu tions  
of ch e m o th e ra p e u ta n ts  u n t i l  the san d  was tho rough ly  so ak ed . The pots 
w e re  a llow ed  to  d ra in  and  a f te r  s e v e r a l  days they  w ere  in fe s ted  w ith  pink 
ro o t  by  pouring  an  inocu lum  d re n c h  on the san d  s u r f a c e .  T h is  m ethod  
fa i le d  b e c a u se  the iso la te  sudden ly  lo s t  its  pa th o g en ic ity . In the th i rd  
a t te m p t  to  t e s t  the c h e m o th e ra p e u ta n ts ,  the san d  cu ltu re  technique  u se d  
fo r  te s t in g  e x p e r im e n ta l  fung ic ides  was ad o p ted . T h is  m ethod  w o rk ed  
s u c c e s s fu l ly  bu t only show ed th a t  som e of the c h e m o th e ra p e u ta n ts  could  
k i l l  the fungus. It did no t show  th a t  they  e x e r te d  any  c h e m o th e ra p e u tic  
e f fe c t  b e c a u se  of the v e ry  n a tu re  of the techn ique  involved in in festing  the 
san d  and  t r e a t in g  the p o ts .
U nfortuna te ly , b e c a u se  of the la c k  of t im e ,  i t  was no t p o ss ib le  to  
t e s t  the  ch em o th e rap eu tan ts  th a t  k i l le d  the pink ro o t  fungus in san d  c u l ­
tu re  by  using  the technique w hereby  pots of onion seed lin g s  could  be dipped 
in c h e m o th e ra p e u tic  so lu tions and  la te r  in fe s te d  w ith  pink ro o t .  T h is
would give a m ore  positive indication  of chem otherapeu tic  ac tion  than is 
gained f ro m  the sand cu ltu re  te s ts  in which fungus and chem otherapeu tan t 
a r e  b rough t into con tac t outside the p lan t. The r e s u l t s  of the sand  c u l ­
tu re  te s ts  a r e  given in Tables  XX and XXI.
As can be seen  in T ab les  XX and XXI, none of the c h e m o th e ra ­
peutants  te s te d  red u ced  the incidence of pink ro o t to one p e r  cent or l e s s .  
S ev e ra l  m a te r ia ls  did however reduce  the s e v e r i ty  of the d ise a se  to 50 
p e r  cent or le s s  and m ight have been  m ore  su ccess fu l  if  u sed  a t  a h igher 
concen tra tion .
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T a b le  X X , R e s u lt s  o f t e s t  1 o f s e v e r a l  c h e m o th e r a p e u ta n ts  a t  1000 p p m ,
fo r  c o n tr o l o f p ink  r o o t  in  sa n d  c u lt u r e . of W hite S w e e t
S p a n ish  on ion  s e e d lin g s  g row n  for  49  d a y s .
Che m otherapeutan t
Avg. D is. 
Index per 
Replication 
{ % )
Avg. F r .  Wt. 
(g m s .)  per  
R eplication
Avg. No. of 
P lan ts  per  
Replication
1
A cti-d ione 56.3 18. 7 16.8
A cti-d ione , ace toace ta te 57.6 17.9 18.0
A cti-d ione , th iosem icarbazone 50.0 17. 6 20.5
A cti-d ione , m ethyl hydrazone 75. 6 17.8 22. 3
A cti-d ione , ace ta te 47. 1 16.8 19.3
A cti-d ione , sem icarbazone 55.6 1 0 . 2 11.3
A cti-d ione , oxime 72.8 15.2 19.5
G riseofulvin^ ? 75.0 15.7 18. 0
Carbon & C arbide EC 1182 86.3 10. 7 16. 0
A grim ycin  100 ^ 37. 9 2 .3 7. 8
M ycostatin  ^ 12.5 19.5 2 1 . 0
Olin Math. Cm l. #G-1143 82.4 22.3 26. 3
A grim ycin  500 ^ 39. 7 4 .4 18. 3
CP 8525 5 58.3 16.1 19. 5
CP 8621 6 . 8 9.0 19.3
CP 9425 95.0 17.2 2 6 . 0
CP 10512 0 . oa 0 . 0 0 . 0
CP 10616 0 . 0 1.7 4 .8
8 -OH-Quinoline -su lfa te  ^ 71.3 12.5 20 .5
8 -Q uinolinol-sulfam ate 94.3 19.4 26.3
Uninoculate Check 0 . 0 24.2 2 9 . 6
W ater Check 8 8 . 8 17.4 2 1 . 8
a T h ere  were no seedlings le ft in the pots a t  the end of 49 days. A ll had 
b een  k il led  by pink ro o t  and  consequently no d isease  index could be 
e s tab lish ed .
■^ All A cti-dione compounds w ere te s ted  a t  25 ppm . , 100 per  cent ac tiv ity . 
^50 ppm . , 1 0 0  p e r  cent ac tiv ity  
3 1 0 0  ppm . , 1 0 0  p e r  cen t ac tiv ity  
■^ 500 ppm . , 1 0 0  p e r  cen t activ ity
^All CP m a te r ia ls  were te s te d  a t  1000 ppm . , 100 p e r  cent ac tiv ity .
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T a b le  X X I. R e s u l t s  of t e s t  2 o f  s e v e r a l  c h e m o th e r a p e u ta n ts  a t  1000  p p m .
fo r  c o n tr o l  o f  p in k  r o o t  in  sa n d  c u ltu r e  o f W hite S w e e t  S p a n is h
o n io n  s e e d l in g s  g ro w n  fo r  4 9  d a y s .
Che m other apeu tan t
Avg. D is . 
Index p e r  
R ep lica tion  
(%)
Avg. F r .  Wt. 
(g m s .)  p e r  
R ep lica tion
A vg. No. of 
P la n ts  p e r  
R ep lica tion
i
P o ta s s iu m  p en ic ill in 93. 8 1.3 2 . 0
S trep to m y c in  sulfate^- 
(740 m eg . p e r  m g .)
a
0 . 0 0 . 0 0 . 0
2
O ligom ycin 0 . 0 a 0 . 0 0 . 0
A • - 2An is omycin 70. 7 1 . 8 7. 3
P  1652 51.9 4 .3 6 . 5
1
T e r ra m y c in  HCl .
(935 m eg. p e r  rng.) 75.0 0 .5 2 .3
A u re  omycin^ 6 7 . 2 1 .5 7.3
A ch ro m y c in  HCl'*' 75. 0 0 .3 1 . 8
N eom ycin  su lfa te^ 67 .2 4 .0 8 . 8
U ninoculated  Check 0 . 0 26 .9 2 6 . 6
W ater Check 87.1 2 . 0 8 . 3
*500 ppm . , 100 p e r  cent a c t iv i ty  
1 0 0  ppm . , 1 0 0  p e r  cent a c tiv ity
a T h ere  w ere  no seed lings  le f t  in  the pots a t  the end  of 49 days . A ll  had 
b een  k il led  by pink ro o t  and  consequen tly  no d ise a se  index could  be 
e s ta b l is h e d .
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F ie ld  te s ts  with c he m other apeutants  „
A s e r ie s  of ex p e rim en ts  was begun, in the greenhouse  during the 
e a r ly  fa ll  of 1957 and  la te r  t r a n s f e r r e d  to the fie ld  a t  Ben Hur P lan ta tio n . 
In these  t e s t s ,  sha llo ts  grown f ro m  s e t s ,  and sha llo t t r a n s p la n ts ,  w ere  
t r e a te d  by soaking th e i r  roo ts  in solutions of d iffe ren t ch em o th e rap eu tan ts .  
The plants w ere then put in pots of so i l  n a tu ra l ly  in fes ted  with pink ro o t .  
Shallot bulbs (se ts )  w ere  a lso  soaked  in these  solutions and s im i la r ly  
handled. On the s ix teen th  of D ecem b er,  the pots w ere  taken to Ben Hur 
P lan ta tion  w here th e ir  contents w ere  rem o v ed  and  p lan ted  in the fie ld .
The following r e s u l t s  a re  not p re se n te d  in g re a t  detail because  m ost of 
the t re a tm e n ts  fa iled  to give con tro l  of pink ro o t  and in the few in s tances  
in  which some degree  of co n tro l  was ap p a ren tly  ach ieved, the re s u l ts  
m u s t be con firm ed  by fu r th e r  exp e rim en ta tio n . The p lants f ro m  the 
s e v e ra l  ex p e rim en ts  w ere  dug on May 7, 1958. The r e s u l t s  of these  
ex p er im en ts  a r e  p re se n te d  in the next th ree  se c t io n s .
1. Shallo t bulbs .
Bulbs w ere soaked for 6  hours in solutions of the following ch em o ­
the rap eu tan ts  :
Cone, (ppm .)
Gr is e ofulvin 100
C & C 1182 25
8  -OH-Quinoline -Sulfate 25
A cti-d ione , oxime 10
W ater
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The chem icals  C & C 1182, 8 -OH-Quinoline-Sulfate, and the oxime 
derivative  of A cti-d ione reduced  the sev e r i ty  of pink roo t s ignificantly  but 
even a t  that, the incidence of d isease  was s t i l l  very  high*
2. Shallot T ra n s p la n ts .
Shallot transp lan ts  w ere soaked for 3 and 24 hours in solutions of 
the following chem otherapeutan ts :
Cone, (ppm.)
G riseofulv in  100
Carbon & Carbide Exp.
Cmpd. 1182 25
8 -OH-Quinoline-Sulfate 25
A cti-d ione , ace ta te  d e r .  10
A cti-d ione , sem icarbazone  d e r .  10
Strep tom ycin  sulfate 200
A grim ycin  100 100
A cti-d ione , oxime 10
A cti-d ione , ace toace ta te  d e r .  10
A cti-d ione , m ethyl hydrazone der.. 10 
W ater
The low num ber of pink roo ts  on the plants soaked for 3 hours in a 
solution of the sem icarbazone  derivative  of A cti-d ione was highly s ig n if i­
cant com pared  to the num ber of pink roo ts  on the plants t r e a te d  with plain 
w a te r .  The plants soaked for 3 hours in a solution of s trep tom ycin  
sulfate  a lso  had a sm a l le r  num ber of infected  ro o ts .  This num ber was
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s ign if ican tly  s m a l le r  than  the n um ber of pink roo ts  on the p lan ts  in the 
w a te r  check .
None of the p lan ts  soaked  fo r 24 hours  in the 14 m a te r ia ls  l i s te d  
above showed a  s ign if ican tly  s m a l le r  n um ber of d is e a se d  r o o t s .
Shallo t p lan ts  w ere  a lso  grow n f ro m  se ts  in  f la ts  of sand  and 
t r e a t e d  w ith  the above m a te r ia ls  fo r 3 and 24 h o u rs .  No s ign if ican t 
red u c tio n  in pink ro o t  was seen  in e i th e r  c a s e .
3. Onion T rans  p lan ts  „
F if te en  chem o th e rap eu tan ts  w ere  u se d  to t r e a t  White B e rm u d a  onion 
seed lings  obtained  f r o m  a  g ro w er  in Uvalde, T e x a s .  The p lan ts  w ere  
t r e a t e d  by im m e rs in g  th e i r  ro o ts  in so lu tions fo r 12 h o u rs .  T hey  w ere 
p lan ted  on the L ou is iana  S tate U n iv e rs ity  Hill F a r m  on M arch  11 and  a 
duplicate  t e s t  was s e t  up a t  the B en Hur P la n ta t io n  on M a rc h  15. The 
p lan ts  w ere  dusted  weekly  during A p r i l  and  May with M alath ion to keep 
down the thxip population . With the beginning of the w a rm  w e a th e r ,  the 
p lan ts  d ied  back  n a tu ra l ly  and then  the bulbs w ere  dug in la te  M ay and  
w ashed , weighed, counted , and g raded  fo r  pink ro o t .  U nfortunate ly , no 
pink ro o t  was o b se rv ed  on the ro o ts  of any  of the bulbs f ro m  Ben Hur 
P la n ta t io n  or the L . S. U. H ill F a r m  and  consequen tly  bo th  te s ts  w ere  
f a i lu r e s .
T e s t  of 23 w etting, s t ick ing , and  p en e tra tin g  ag en ts .
One p o ss ib le  way to  co n tro l  pink ro o t  would be to s p ra y  p lan ts  w ith  
a ch em o th e rap eu tic  ag en t th a t  would be t r a n s lo c a te d  to the ro o ts  and
the re  p rev en t infection f ro m  taking p lace .  In o rd e r  to su ccess fu lly  c a r r y  
out th is type of con tro l, i t  is n e c e s s a ry  to have a  m a te r ia l  tha t w ill ac t  
sy s te m ic a l ly  to k il l  the pathogen and be capable of b a s ip e ta l  t r a n s p o r t  
w ithin the p lan t. It is f i r s t  n e c e s s a ry  however to in su re  tha t enough of 
the chem otherapeu tic  m a te r ia l  ad h e res  to  and  p e n e tra te s  the le a v e s .
This p ro b lem  of adhesion  and p en e tra tio n  is e sp e c ia l ly  im portan t when 
dealing with m em b ers  of the genus A llium , since th e ir  leaves a re  coated 
w ith a  thick, waxy cutic le  which tends to p rev en t the en trance  of w ater 
and other po la r  so lv en ts .  One way of com bating the fo rm idab le  obstacle 
p resen ted  by this layer  of wax is to use  w etting, s tick ing , and pene tra ting  
a g e n ts .
The l i te ra tu re  contains many re fe re n c e s  to w ork done on the p ro b ­
le m  of adhesion  and pen e tra tio n  in w orking with ch em o th e rap eu tan ts .  
T h ree  p ap e rs  can be m entioned to p re s e n t  an idea of the type of work 
being done. A rk  and W ilson (1) r e p o r te d  th a t  the in co rp o ra tio n  of d i ­
p o ta ss iu m  phosphate or g lycerine  in a s trep to m y cin -p y ro p h y lli te  dust did 
not in c re a s e  the pen e tra tio n  of the s trep to m y c in  into bean  leav es . Both 
th ese  m a te r ia ls  in com bination  ac tua lly  r e ta r d e d  p en e tra t io n . The dust 
plus one p e r  cent g lycerine  was t r ie d  on cucum ber plants and the a s s a y  
showed th a t  an am ount of s trep to m y c in  equal to th a t  in the check (no 
g lycerine)  t re a tm e n ts  had p e n e tra te d .  One p e r  cent g lycerine  plus d i ­
p o ta s s iu m  phosphate p rev en ted  s trep to m y c in  p en e tra t io n  a l to g e th e r .  
W illiam s and Lockwood (56) sp ray ed  sw ee t co rn  plants w ith  solutions
‘t
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o£ s trep tom ycin , te r ra m y c in ,  ac ti-d ione , and penic illin  plus 9  su rface  - 
active agents and g ly ce rin e . The t re a te d  plants were inoculated a day 
la te r  with B ac te r iu m  s te w a r t i i .  The developm ent of the d isease  was 
p a r t ia l ly  inhibited by the sp rays  of te r ra m y c in  or ac ti-d ione  plus 1 0 0 0  
ppm . of Tween 20. G lycerine a t  1000 ppm . plus the antib io tics did not 
in c re a se  the degree of con tro l obtained. Goodman and Dowler (20) 
sp ray ed  bean plants with s trep tom ycin  solutions containing p lant growth 
reg u la to rs  and hum ectan ts . The abso rp tion  of s trep tom ycin  was in ­
c re a s e d  by the addition of one p e r  cent g lycerine , tr ie thy lene  glycol, 
diethylene glycol, naphthyl ace tam ide , and g ibbere llic  ac id . E thylene 
g lycol monomethyl e th e r ,  and indole ace tic  ac id  d e p re sse d  the absorp tion  
of the an tib io tic .
As a p re l im in a ry  to future testing  of chem otherapeutan ts  by applying 
th em  to the foliage of onions and sha llo ts , an experim en t was conducted 
to te s t  the effic iency of 23 wetting, sticking, and penetra ting  agen ts . The 
m a te r ia ls  were p re p a re d  in one per cent solutions to which s trep tom ycin  
sulfate was added, and u sed  to sp ra y  onion p lan ts . The plants w ere r e ­
moved f ro m  the pots a f te r  24 hours and the sap  was ex trac ted  f ro m  the 
leaves by m eans of a C a rv e r  la b o ra to ry  p r e s s .  S tandard  f i l te r  paper d iscs
supplied  by Schle icher and Schuell were soaked in the s e v e ra l  e x tra c ts  fo r
o
30 minutes and w ere then d r ied  in a 30 C. incuba to r . The d r ied  d iscs  
w ere  p laced  on the su rface  of Difco n u tr ien t b ro th  a g a r  p la tes  seeded  with 
B acillus su b ti l is .  T hree  d iscs w ere put in  each  dish  with th ree  dishes per
t r e a tm e n t  being u sed . The p la tes  w ere p laced  in a 7° C. r e f r ig e r a to r  
for one hour and  then  rem o v ed  to a 30° C. incubator for 12 h o u rs .  At 
the end of this p e r iod , the p la tes  w ere exam ined  and any zones of in h ib i­
tion p re se n t  a round  each  d isc  w ere  m e a su re d .  The g re a te r  the am ount of 
s trep to m y c in  sulfate in the sap , the la rg e r  was the zone of inhibition.
The approx im ate  am ount of the an tib io tic  in the sap  f ro m  plants t r e a te d  
w ith the various m a te r ia ls  was d e te rm in ed  by using a s tan d a rd  curve 
(see F ig u re  5). T his s ta n d a rd  curve was p rev io u s ly  p re p a re d  by using  
d iscs  containing known am ounts of s trep to m y c in  sulfate and plotting d i ­
a m e te r s  of inhibition zones a g a in s t  the known co n cen tra tio n s . The re s u l ts  
of this ex p e rim en t a re  given in Table XXII.
As can be seen  in Table XXII, two m a te r ia ls  p roduced  highly s ig n i ­
fican t r e s u l t s ,  nam ely  P e tro w e t  R and the so lven t f ro m  Goodrite Vinyl 
R es in  Latex . Even though the la t te r  m a te r ia l  p roduced  highly s ign if ican t 
r e s u l t s ,  13 ppm . co m p ared  to an in itia l  1000 ppm . was not c o n s id e red  to 
be a ve ry  good r e c o v e ry  of s trep to m y c in  su lfa te .
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F ig u re  5. S tandard  curve u sed  in the te s t  of 23 wetting, s tick ing , and 
pen e tra tin g  ag en ts .  C oncen tra tion  of s trep to m y c in  sulfate  
(740 m eg. p e r  m g .)  in p a r ts  pel* m illion . B acillus  sub tilis  
was the t e s t  o rg an ism .
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Table XXII. A verage concentra tion  o£ s trep tom ycin  sulfate (ppm. ) in the 
sap f ro m  leaves of onion plants sp rayed  with 23 wetting, 
s tick ing , and penetra ting  agen ts .
M a te r ia l  ____________________________ C oncentration (p p m .)
T r i to n  X-100 less  than 1
T rito n  B-1956 1 . 1
D reft 1 . 1
P e tro s u l  745 less  than 1
P e tro s u l  750 less  than 1
P e t r  owe t  R 3 .4
P e t r  owe t WN 1.5
DuPont S p reader  S ticker le s s  than 1
U. S. Rubber Fungicide S ticker 31858 1 . 2
P e n e tro l less  than 1
J . Hyman & Co. E m u ls if ie r  B le s s  than 1
R osin  Soap less  than 1
Vancide S ticker* -----
Solvent f ro m  Goodrite Vinyl R esin  Latex 13.0
P o ta s s iu m  glycerophosphate  solution le s s  than 1
Daxad less  than 1
Dowax 222 less  than 1
A rm o u r S tick e r-S p read e r  * -----
T erg ito l  Wetting Agent 7 1.9
G lycerine le ss  than 1
E thylene G lycol-M onom ethyl E th e r le s s  than 1
Ethylene Glycol less  than 1
DuPont Liquid S ticker le s s  than 1
W ater Check 1 . 0
L iS .D .  0 .05 1.58
L .S .D .  0.01 2 .17
^Aggregated into lumps and could no t be used .
f  1
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Study of the uptake of s trep to m y c in  su lfate  by young onion p lan ts .
Not a l l  of the work done w ith  chem otherapeu tan ts  has concerned  
i t s e l f  w ith  the d ire c t  co n tro l  of p lant d ise a se s  . Some investiga tions have 
dealt w ith the adso rp tion  and t ra n s lo c a tio n  of th ese  m a te r ia ls  by higher 
p lan ts .  P r a m e r  (3 8 ) r e p o r te d  tha t Chlorom ycetin  and s trep to m y c in  w ere 
taken  up f ro m  a n u tr ie n t  solution by  the roo ts  of cucum ber plants and then 
tra n s lo c a te d  to the le av es .  The concen tra tion  of each  an tib io tic  was 50 
ppm . The leve l of Chlorom ycetin  in the p lan t n ev e r  s u rp a s s e d  tha t  in the 
n u tr ie n t  so lu tion  w hereas  the s trep to m y c in  accum ula ted  to the ex ten t of 
8 8  ppm . a f te r  144 h o u rs .  He a lso  re p o r te d  th a t  he obtained no convincing 
evidence th a t  au reo m y cin , neom ycin , o r  te r r a m y c in  was taken up and 
tra n s lo c a te d  by the cucum ber p lants in his e x p e r im en ts .  Rooted plants 
and cut shoots of b ro a d  bean plants w ere soaked  in solutions of s t r e p to ­
m ycin and  ch lo ram phen ico l fo r 18 hours by Crowdy (10). S trep tom ycin  
was not re c o v e re d  f ro m  the ro o ted  p lants but it was re c o v e re d  f ro m  the 
bo ttom  p a r t  and to a m uch l e s s e r  ex ten t f ro m  the middle of the cu t shoo ts . 
C hloram phen ico l was re c o v e re d  f ro m  the th ree  portions  of the cut shoots 
and ro o ted  p lants in fa i r ly  equal am oun ts . This m a te r ia l  behaved the 
sam e way in tom atoes s im i la r ly  te s ted ,  but the action  of s trep to m y c in  
in tom ato  plants c lo se ly  p a ra l le le d  th a t  of the ch lo ram phen ico l. In 
ano ther  te s t ,  b ro a d  bean  p lants w ere  soaked  in so lu tions of ch lo ram phen ico l 
fo r  18 hours and then a s sa y e d  a t  su ccess iv e  in te rv a ls .  It was seen  that 
the am ount of th is  m a te r ia l  did not r e g u la r ly  in c re a s e  in the top, m iddle, 
and bo ttom  p a r ts  of the bean  plants but exhibited  an i r r e g u la r  fluctuation .
C ro ssan  and Krupka (9) showed that s trep tom ycin  sp rayed  on pepper 
p lants for the con tro l of Xanthomonas v e s ica to r ia  did no t e rad ica te  the 
pathogen since i t  was not being abso rbed  and tra n s lo c a ted  into the pepper 
leaf due to the heavy cu tic le . They did find however tha t the addition of 
one p e r  cen t g lycerine  a ided  in the pene tra tion  of the s trep tom ycin  into 
the pepper leaf. M aier and H orner (33) in co rpo ra ted  s trep tom ycin  
n itra te  and s trep tom ycin  sulfate in  a lanolin  paste  and applied  it  to the 
f i r s t  node of hop p lan ts . T hese  m a te r ia ls  were re a d ily  ab so rb ed  and 
t ra n s lo c a ted ,  as  shown by  the re s u l ts  of the f i l te r  paper disc t e s t  using  
B acillus s u b t i l i s . T h ir ty  minutes a f te r  applying the p a s te ,  leaves 4 to 10 
cm . above the f i r s t  node contained 81 ppm . of s trep tom ycin  n i tra te  and 
76 ppm . of s trep tom ycin  su lfa te . A t the end of 3 days, bo th  antib io tics 
had d e c re a se d  to 2 .5  ppm . but 1 .2  ppm . rem a in ed  a f te r  12 days. Wallen 
and M illa r  (55) dem onstra ted  the p re sen ce  of A cti-d ione in wheat seedlings 
following its application  by fo lia r  sp ray s  or abso rp tion  through the ro o ts .  
Seedlings grown in quartz  sand or in so il and supplied with ac ti-d ione  
ab so rb ed  i t  and tran s lo ca ted  i t  throughout the t is su e s  of the lea f  and s tem . 
G ray  (23) re p o r te d  tha t one p e r  cen t solutions of s trep to fh r ic in  and 
pleocidin  sp ray ed  on the in te rm ed ia te  leaves of bean  and tobacco plants 
w ere re a d ily  t ra n s lo c a ted  in la rge  quantities upw ard  to  the new leaves and 
downward to the older le a v e s .  They a lso  found th a t  s trep to m y cin , d i ­
hydros trep tom ycin , neom ycin, oxamycin, b a c i t ra c in ,  and  actinom ycin  
w ere not t ra n s lo c a ted  out of the sp ray ed  leaves in amounts that could be 
detec ted .
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A s u rv e y  of the l i t e r a tu re  re v e a le d  tha t no w ork  has yet b een  p u b ­
l ish e d  on the uptake and  t r a n s  loca tion  of c he m o th erap eu tan ts  by onion 
p la n ts .  In o rd e r  to le a rn  som ething about these  p r o c e s s e s ,  young onion 
p lan ts  w ere  t r e a te d  by  p lac ing  th em  in b e a k e rs  containing so lu tions of 
s trep to m y c in  su lfa te  a t  1000 ppm . fo r vary ing  lengths of t im e .  T hey  
w ere  then  te s te d  fo r th e i r  content of the an tib io tic  by using the B acillu s  
su b ti l is  b io a ssa y .  The r e s u l t s  of th is  e x p e r im e n t  a r e  given in Table  XXIII.
As can  be seen  f ro m  Table  XXIII, the r e s u l t s  a r e  quite c o n tra d ic to ry  
and  do not fa l l  in to  a definite  p a t te rn .  In view of th is ,  i t  would be n e c e s ­
s a r y  to r e p e a t  th is e x p e r im en t b e fo re  any valid  conclusions m ay  be 
re a c h e d  concern ing  the uptake of s t re p to m y c in  su lfa te  by onion p lan ts .
T im e did not a llow  for the re p e ti t io n  of th is  e x p e r im en t ,  how ever,
T ab le  XXIII. The ap p ro x im a te  co n cen tra tio n s  of s trep to m y c in  su lfa te  
( 1 0 0 0  p p m .)  a b so rb e d  by  young onion p lan ts .
T re a tm e n t  T im e  A pprox . Avg. Cone, (p p m .)  of S trep tom ycin  SO4  
in H ours_______________Bulbs plus ro o ts________  Shoots_______
1 2 0 0 . 0
0•0
2 1 0 . 0 0 . 0
3 15. 0 15.0
4 40. 0 1 0 . 0
5 2 0 . 0 50. 0
1 0 45. 0 140.0
15 35. 0 0 . 0
2 0 1 0 0 0 : 0 300.0
25 800.0 1 0 0 0 . 0
Check 0 . 0 4 5 .0 *
^Inhibition equa l to  45 ppm . of S trep to m y c in  SO^.
DISCUSSION AND CONCLUSIONS
C u ltu ra l  Studies of F y ren o ch ae ta  t e r r e s t r i s
Pathogen ic ity  T es ts
1. D e te rm ina tion  of the v a r ia tio n  in pathogenicity  of m y ce lia l  i s o ­
la te s  f ro m  one fie ld .
G orenz, e t .  a l .  (22) found in th e ir  investiga tion  of pink ro o t that 
iso la tes  of F y ren o ch ae ta  t e r r e s t r i s  f ro m  29 locations in 10 s ta te s  v a r ie d  
widely in v iru len ce . F u r th e r m o r e , the r e s u l t s  of som e of th e ir  te s ts  
not p re se n te d  in de ta il  ind ica ted  tha t this v a r ia tio n  in v iru lence e x is ted  
among iso la tes  f ro m  the sam e lo ca li ty .  The r e s u l t s  of the p r e s e n t  study 
of 91 iso la te s  of P y ren o ch ae ta  t e r r e s t r i s  f ro m  one fie ld  in Chack Bay, 
Louisiana showed th a t  here  too th e re  was var ia tio n  in pa thogenic ity .
In fac t,  the iso la te s  could be fa ir ly  evenly s e p a ra te d  into each  of the 
four d isease  c a te g o r ie s .  This can be read ily  seen  in the su m m a ry  of 
r e s u l ts  p re se n te d  on page 30 in the E x p e r im e n ta l  R esu lts  sec tion .
T his  v a r ia tio n  in pathogenicity  may be accoun ted  for by assum ing  
th e re  w ere  m utations in the p a re n t  s t ra in s  th a t  gave r i s e  to v a r ian ts  m ore  
pathogenic or le s s  pathogenic than the s t ra in s  they a ro s e  f ro m . 
G as io rk iew icz , L a rso n ,  W alker, and Stahm ann (18) t r e a te d  iso la te s  of 
P y ren o ch ae ta  t e r r e s t r i s  with n itro g en  m u s ta rd  and th e reb y  p roduced  
m utants which w ere e i th e r  m ore  v iru le n t  than the u n tre a te d  con tro ls  o r
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l e s s  v iru len t .  T hese  w o rk e rs  su g g es ted  tha t  s ince  m o s t  of the induced , 
m utan ts  fe l l  w ithin the n a tu ra l  range  of v a r ia b i l i ty  of P y re n o c h a e ta  
t e r r e s t r i s , the v a r ia t io n  am ong s t r a in s  found la Vivo m ight be due to 
the spontaneous m uta tion  of p re s e n t ly  ex is t in g  s t r a in s .  T h is  m igh t a c ­
count fo r the wide v a r ia t io n  in pa thogen ic ity  found among the 9 1  iso la te s  
u s e d  in the p r e s e n t  s tudy  and  am ong iso la te s  of the pink ro o t fungus f ro m  
a wide g eo g rap h ica l  a r e a .
2. D e te rm in a t io n  of the v a r ia t io n  in pa thogenic ity  of single spo re  
iso la te s  f ro m  a single pycnid ium .
F if teen  single  sp o re  iso la te s  f ro m  a pycn id ium  produced  In V itro  
by a  highly pathogenic cu ltu re  of P y re n o c h a e ta  t e r r e s t r i s  w ere  te s te d  
for v iru len ce  in sand  c u l tu re .  A ll 15 iso la te s  w ere  found to  be highly 
p a thogen ic . The a v e rag e  d ise a se  index fo r the group as a whole was 
100 .0 , c o m p a red  to 87 .2  for the p a re n t  i so la te .
We have o b se rv e d  in the c o u rse  of our g reenhouse  w ork  th a t  a  given 
iso la te  of P y re n o c h a e ta  t e r r e s t r i s  would d e s t ro y  a l l  the onion seed lings 
in a  pot the f i r s t  tim e it  was u sed  to in fe s t  the sand . On subsequen t o c ­
cas io n s  how ever it  was n e v e r  o b se rv e d  to exh ib it as  m a rk e d  a degree  of 
v iru len ce  ag a in .
It is w ell known th a t  fungi in cu ltu re  often exh ib it  nonm utagenic  
v a r ia t io n  su c h  as  the g rad u a l  lo ss  of the pow er to sp o ru la te  or lo ss  of 
v i ru le n c e .  The am ount of th is  change be tw een  su c c e ss iv e  subcu ltu rings  
m ay be too m inute to  be m e a s u re d  but the su m  to ta l  of change over a p e r io d
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of subcu ltu rings  m ay  com e to a co n s id e rab le  am oun t. This lack  of vigor 
often a s s o c ia te d  with continuous su bcu ltu r ing  is held  to be a lm o s t  a x io ­
m a tic  by m any w o rk e r s .  H ow ever^  th e o r ie s  have been put fo r th  to a t tem p t 
to expla in  this phenom enon. T h ese  acco rd in g  to Hawker (27) include the 
" lo n g - te rm  ad ap ta t io n "  th eo ry  of Winge and  the "cytogene" th e o ry  of 
L indeg ren  and his a s s o c ia te s .  It is a ls o  sa id  th a t  continuous subcu ltu ring  
of som e fungi on a r t i f i c ia l  m edia  cau ses  th e m  to adapt th e m se lv e s  to  an e x ­
is ten ce  w here th e i r  wants a r e  am ply  supp lied . C onsequently  they lose m uch 
of th e ir  v iru len t  na tu re  and becom e m ild ly  pathogenic or sap ro p h y tic .
E ffec t  of 3 pH leve ls  on the grow th  of 3 iso la te s  of P y re n o c h a e ta  t e r r e s t r i s  
in liquid c u l tu r e .
It was r e p o r te d  by G orenz , e t .  a l .  (22) th a t  iso la tes  of P y ren o ch ae ta  
t e r r e s t r i s  g rew  equally  w ell a t  pH leve ls  of 4, 6 , and 8  on a m odified 
H oagland 's  so lu tion  so lid if ied  with 2 p e r  cen t a g a r .  H ow ever, a study of 
the grow th  of a fungus in a liquid  m edium , as  p re v io u s ly  m entioned  in the 
E x p e r im e n ta l  R esu lts  sec tio n , often gives a m ore  a c c u ra te  p ic tu re  than 
does the g row th  of the fungus on the su rface  of a so lid  m ed ium . An e x p e r i ­
m en t s e t  up on the la t te r  type of m edium  m ay not be a m e a su re  of the 
ac tu a l  am ount of grow th  becau se  of the v a r ia t io n  in the am oun t of hyphae 
p ro d u ced  on va rious  m edia  by  colonies w ith  s im i la r  g row th  r a t e s .
A study  was u n d ertak en  of the g row th  of 3 iso la te s  of P y re n o c h a e ta  
t e r r e s t r i s  a t  pH levels  4, 6 , and  8  in  m odified  C zap ek 's  m ed ium  to  d e ­
te rm in e  if d iffe ren ces  in g row th  m ight be o b se rv e d  under th ese  cond itions. 
S ta t is t ic a l  a n a ly s is  of the r e s u l t s  of th is  e x p e r im en t re v e a le d  tha t th e re
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w ere  highly s ign if ican t d ifferences in gi-owth. This m eant that a given 
iso la te  did not grow  the sam e  am ount a t  each  pH lev e l  and tha t th e re  w ere 
d iffe rences  in grow th  among the 3 iso la te s  a t  e ach  pH lev e l.  These  r e ­
su lts  m ight indicate th a t  the pink ro o t  fungus ex is ts  in n a tu re  as a group 
of s t ra in s  which can co llec tive ly  to le ra te  a wide pH ra n g e .
A ccording to Wolf and  Wolf (58), Schaffnit and M ey e r-H erm an n  in ­
v es tig a ted  a group of so i l-b o rn e  zungi and  d e te rm in ed  the pH optim a for 
each  sp e c ie s .  On the b a s is  of th e ir  r e s u l t s  they  grouped  the fungi in 
th e ir  investiga tion  into-the following 4 groups:
1 . l i t roph il ic  . . . . . .  a lkaline  so i l  p re fe re n c e
2 . m esan th roph ilic  . . n e u tra l  so il  p re fe re n c e
3. oxyphilic . . . . . . .  p re fe re n c e  for ac id  so ils
4. A e s ta t ic ...........................to le ra te s  a wide range  of so il  r e a c t io n s .
P y ren o ch ae ta  t e r r e s t r i s ,  a so i l-b o rn e  fungus of worldwide d i s t r i ­
bution, is found in so ils  of d iffe ren t pH and consequently  can be c o n s id e red  
to be a e s ta t ic .  Its to le ran ce  of a wide range  of hydrogen ion c o n c e n tra ­
tions may be expla ined  in p a r t  by the r e s u l t s  of the p r e s e n t  s tudy . To r e ­
cap itu la te  b r ie f ly ,  it  was found tha t iso la te s  of P y ren o ch ae ta  t e r r e s t r i s  
g rew  sa t is fa c to r i ly  in m odified C zapek 's  m edium  ranging in pH f ro m  4 to 
8 . However it  was a lso  no ted  tha t within this wide range  even b e t te r  
grow th was made by d iffe ren t iso la te s  a t  e i th e r  pH 4, 6 , or 8 . T h is  
to le ran ce  of a  wide range  of hydrogen ion concen tra tions  plus even b e t te r  
g row th  a t  a p a r t ic u la r  pH leve l is in a g re e m e n t  w ith the r e p o r te d  behav ior
97
of P yrenochaeta  t e r r e s t r i s  in n a tu re ,  v iz . the pink ro o t  fungus is found in 
a wide va rie ty  of so il  types and can p a ra s i t iz e  a la rge  num ber of spec ies  
of p lan ts . With r e g a rd  to this la t te r  s ta tem en t, the pH of plant sap has 
been  found to vary  f ro m  species  to species  and this may account for the 
re s is ta n c e  of some plants to a ttack  by c e r ta in  fungi.
One rea so n  for the wide d is tr ibu tion  of P y renochaeta  t e r r e s t r i s  and 
its omnivorous behavior might be tha t it ex is ts  in a given fie ld  as a num ber 
of s tra in s  which grow well over a wide pH ran g e . Undoubtedly these 
s t ra in s  differ in a num ber of other c h a ra c te r is t ic s  a lso .
O bservation  of the grow th m easu rem en ts  re c o rd ed  in Table III d i s ­
closes  that during the course  of growth of each iso la te  a t  each  pH leve l, 
th e re  were tim es when grow th ac tua lly  d e c rea se d .  Usually, when the 
grow th of a fungus is m easu red  a t  a given pH over a pe riod  of t im e , the 
growth curve is c h a ra c te r is t ic a l ly  made up of 4 phases: the lag phase , 
the logarithm ic  phase , the s ta t io n a ry  phase , and the lysis  p hase . The lag 
phase is genera lly  a t tr ib u ted  to in ju red  m ycelium  or to the inhibitory  e f ­
fects induced by the sudden change in environm ent. The logarithm ic  
phase , the time of a c c e le ra te d  growth, is due to the abundance of nu tr ien ts  
and the sm a ll  num ber of hyphal units as  com pared  to the volume of the 
m edium  ( i .e .  m axim um  n u tr ien t and oxygen absorp tion  a re a  e x is ts ) .  The 
effect of waste products during this time is negligible but eventually  th e ir  
influence becom es pronounced and this coupled with a much reduced  supply 
of nu tr ien ts  r e su l ts  in a g re a t  d e c rea se  in grow th. This condition leads to
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the s ta t io n a ry  phase which r e p re s e n ts  an eq u il ib r iu m  betw een  the p ro d u c ­
tion of s ta ling  p roducts  and  the ab ili ty  of the fungus to grow  in the u n ­
favorable  env ironm en t. The f i r s t  condition favors  auto lyois and th is 
leads to the ly s is  phase w here the ra te  of au to lys is  is m uch  g r e a te r  than 
the ra te  of growth.
The grow th  of the 3 iso la te s  of P y re n o c h a e ta  t e r r e s t r i s  did not 
s t r ic t ly  follow th is  p a t te rn .  G row th during the f i r s t  p a r t  of the 30 day 
p e r io d  of m e a su re m en ts  was of the log arith m ic  type. T his  phase how­
ever was not followed by the s ta t io n a ry  p h ase . Instead , the g row th  ra te  
m ere ly  ta p e red  off bu t n e v e r th e le s s  continued to in c r e a s e .  A lso , as  was 
p rev io u s ly  m entioned, th e re  w ere  t im es when grow th  ac tu a lly  d e c re a se d .  
T hese  d e c re a se s  m ay have been due to a sudden sh ift in  the eq u il ib r iu m  
betw een the p roduction  of sta ling  p roducts  and the ab ility  of the fungus to 
grow under a d v e rse  conditions. The m e a su re m en ts  of m yce lia l  pads a l ­
lowed to  grow  for 30 days re v e a le d  tha t they  w ere the l a r g e s t  p roduced  
throughout the cou rse  of the en t i re  e x p e r im en t .  This absence  of a  ly sis  
phase  ind ica tes  th a t  the 3 iso la te s  of P y ren o ch ae ta  t e r r e s t r i s  u se d  in this 
investiga tion  w ere  capable of m ore  grow th . A nother te s t  w ith m e a s u r e ­
m ents begun on the th i r t ie th  day a f te r  inoculation  of the f lasks  and  con ­
tinued for s e v e ra l  weeks would p robab ly  d isc lo se  the ly s is  p h ase .
P rod u c tio n  of pycn id ia .
It was found in p re l im in a ry  te s ts  th a t  beanpod a g a r  was b e t te r  than 
c o rn m e a l  or potato dex tro se  a g a r  for the p roduction  of pycnidia  by
cu ltu re s  of P y ren o ch ae ta  t e r r e s t r i s . The 91 m y ce lia l  iso la te s  which w ere 
u se d  in the m ass  pathogenicity  investigation  w ere  te s ted  fo r  th e ir  ab ili ty  
to produce pycnidia in c u ltu re .  E igh t of the 29 iso la te s  te s ted  by G orenz , 
e t .  a l .  (22) p roduced  pycnidia in c u l tu re .  H ansen (26) and F r i e r s o n  (17) 
bo th  s ta te  th a t  only som e of th e ir  iso la te s  p roduced  pycnidia while 
C arv a ja l  (6) mentions th a t  a l l  his cu l tu re s  w ere  f e r t i l e .  In the p re s e n t  
t e s t  i t  was found tha t only 8 out of 91 iso la te s  p roduced  true  pycnidia while 
10 o ther iso la te s  p roduced  pycn id ium -like  bod ies . T hese  bodies upon e x ­
am ination  under a b inocu la r  m ic ro sco p e  w ere seen  to  lack  sp o re s  and 
se ta e .  In addition , these  bodies w ere  som ew hat s m a l le r  than tru e  pycnidia 
and w ere  not e ru m p en t.  The 91 iso la te s  produced  e i th e r  pycnidia, 
pycn id ium -like  b o d ies ,  or no bodies of e i th e r  type. In no case  did any 
one of the iso la te s  p roduce bo th  pycnidia  and pycnid ium -like  bod ies .
The m ean d ise a se  index ra t in g  fo r the 18 iso la te s  which p roduced  
jbycnidia or pycn id ium -like  bodies was 73 .5 . This figure is m uch higher 
than th a t  for the 91 iso la te s  taken as a  whole, v iz . 53. 1, and a lso  g r e a te r  
than 48. 1, the m ean fo r  the 73 iso la te s  th a t  did not produce pycnidia or 
pycnid ium  like bod ies .
The r e s u l t s  of th is study m ay indicate tha t m o s t  iso la te s  of 
P y ren o ch ae ta  t e r r e s t r i s  f ro m  L ouisiana  do not p roduce pycnidia on b ean -  
pod a g a r .  F u r th e rm o re ,  th e re  is an ap p a ren t  a sso c ia t io n  betw een the 
p roduction  of pycnidia or pycn id ium -like  bodies and pathogenic ity . The 
m ean d isea se  index ra ting  for pycn id ia l iso la te s  was a good deal h igher 
than the ra t in g  fo r the s te r i le  i s o la te s .
CHEMICAL CONTROL OF FINK ROOT
One of the m ajo r goals of the p re s e n t  study was to find a fungicide 
tha t would su ccessfu lly  con tro l pink ro o t .  This fungicide should p r e f e r ­
ab ly  be a n o n m e rc u r ia l ,  nonphytotoxic, and effective a t  low c o n c e n t ra ­
t io n s . T hom as and  Lane (48) re p o r te d ,  as  m entioned in the Review  of 
L i te r a tu r e ,  tha t the use  of s e v e ra l  fungicides on pink ro o t  in fes ted  land  
r e s u l te d  in h igher yields of onions in the t r e a te d  plots as  co m p ared  to 
the check p lo ts .  F re e m a n  (15) found th a t  the fungicides u se d  by these  
two w o rk e rs  did not w ork  too w ell under L ouisiana conditions but th a t  6 
organic  m e rc u ry  compounds and 1 n o n m e rc u r ia l  did co n tro l  pink ro o t  in 
two of his t e s t s .  The p r e s e n t  investiga tion  to find a fungicide th a t  would 
co n tro l  pink ro o t  began with the la b o ra to ry  tes ting  of 46 m a te r ia ls  for 
th e ir  phytotoxicity  tow ards onion se e d , in o rd e r  to give us som e idea of 
the nonin jurious concen tra tions  tha t could be u sed  in subsequen t g r e e n ­
house te s ts  using  infested  sand . F if te en  of these  m a te r ia ls  s c re e n e d  in 
the la b o ra to ry  and  found to be nonphytotoxic w ere  te s te d  in the g reen h o u se . 
They w ere  app lied  as d renches to  pots <3f sand  subsequen tly  sown w ith 
onion se e d .  Stand counts were taken  11 days la te r  and i t  was found tha t 
only 2 of the 15 m a te r ia ls  were phytotoxic a t  concen tra tions  which did not 
in ju re  the onion seed  In V itro .
A fte r  these phytotoxicity  te s ts  w ere  com ple ted , la b o ra to ry  s c r e e n ­
ing of 54fu n g ic id es , m ost of th em  re c e n t ly  r e le a s e d ,  was begun using  the
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agar plate method. T h ir ty -e ig h t out of the 54 fungicides te s ted  by this 
method inhibited the pink roo t fungus to a degree that was highly s ign if i­
cant. Four other m a te r ia ls  produced significant inhibition. T h e re fo re ,  
on the b as is  of these re s u l t s ,  42 fungicides could be c lass if ied  as 
p rom ising  and worthy of fu r the r  testing in the greenhouse and field . How­
e v e r ,  pas t experience has shown that only a sm a ll  num ber of a given lot 
of fungicides w ill u sua lly  p e r fo rm  well aga inst a given fungus in lab o ra to ry  
t e s t s .  Jh view of the fact that so la rge  a  num ber of fungicides had k illed  
the pink root fungus, it seem ed  to be a good idea to r e te s t  them  in the 
labo ra to ry  using some method of sc reen ing  other than the agar plate 
techn ique .
F re e m a n  (15) used  the F o rsb e rg  s tr ing  method to sc re e n  fungicides 
in the labo ra to ry . He re p o r te d  that m a te r ia ls  which k illed  the pink roo t 
fungus In Vitro a t 100 ppm. a lso  caused a significant reduction in pink 
roo t in the field, with one exception, when te s ted  a t  100 ppm. on a so il 
weight b a s is .  The F o rsb e rg  method is nonquantitative and m ust be run 
under asep tic  conditions. One drawback of the agar plate method that the 
F o rsb e rg  method does not have is tha t the tem p era tu re  of the w a rm  agar 
may cause some fungicides to undergo decomposition. Another difficulty 
in the use  of the agar plate method with Pyrenochaeta  t e r r e s t r i s  is the 
excessive  length of time re q u ire d  to bring  it  to com pletion. It takes 10 
days to f in ish  one te s t .
We needed a rap id  te s t  that would y ield  quantitative r e s u l t s .  
F u r th e rm o re ,  this te s t  had to be re la tive ly  sim ple and capable of
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yielding s ta n d a rd iz ed  r e s u l t s .  The f i l te r  p ap e r  di3c technique developed  
to te s t  an tib io tic s  had been  m odified to  a llow  the te s tin g  of fungicides by 
using  a g a r  seed ed  w ith  fungal sp o re s  in s te a d  of b a c te r ia l  c e l l s .  Since 
m o st i so la te s  of P y re n o c h a e ta  t e r r e s t r i s  do not produce s p o re s ,  th is  
m ethod  had to  be fu r th e r  m odified  to a llow  the use  of th is  fungus as the 
t e s t  o rg a n ism . T his was done by using m a c e ra te d  m y ce liu m  of cu ltu re s  
of the pink ro o t  fungus to  seed  the a g a r .  P r e l im in a r y  te s ts  w ere  run  
un til  a s ta n d a rd iz e d  te s t  was developed* T his m odified f i l te r  p ap e r  d isc  
t e s t  tak es  only 36 hours  to co m p le te ,  i t  is r e la t iv e ly  s im p le , and  i t  w ill  
p robab ly  not cause  fungicides to  undergo  decom position .
The sa m e  54 fungicides te s te d  by the a g a r  p late m ethod w ere  te s te d  
fo r  th e i r  ab i l i ty  to k i l l  P y re n o c h a e ta  t e r r e s t r i s  using  the m odified  f i l te r  
p ap e r  d isc  techn ique . The r e s u l t s  showed th a t  25 m a te r ia ls  y ie lded  highly 
s ign if ican t r e s u l t s  as  co m p a red  to 38 in the a g a r  p la te  t e s t .  Tw enty  of 
th ese  tw enty-five  fungicides had p roduced  highly s ig n if ican t r e s u l t s  when 
te s te d  by  this la t te r  method.
T his  d iffe rence  be tw een  the r e s u l t s  of the 2 te s ts  m ight have been  
due to decom position  of c e r ta in  fungicides and the consequen t l ib e ra t io n  
of p roduc ts  th a t  w ere  tox ic  to  P y re n o c h a e ta  t e r r e s t r i s . A lso , m any of 
the  fungicides t e s te d  w ere  no t w a te r  so luble  and  m igh t ho t have d iffused  
out of the p ap e r  d isc s  to  inh ib it the fungus in the a g a r .
To overcom e th is  p ro b le m  of nondiffusib ility , a t e s t  m ight be d e ­
v ise d  th a t  in c o rp o ra te d  the good fe a tu re s  of the a g a r  p la te  and f i l te r
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paper  d isc  m ethods. In this new te s t ,  the fungicide would be in c o rp o ra ted  
into the seed ed  a g a r  and the density  of the p la tes  would be d e te rm in ed  by 
pho to m etr ic  m eans a f te r  the a g a r  so lid ified  using  a  light m e te r  and a 
light so u rce  of known in ten s ity . The density  of the p la tes  would again  
be m e a su re d  a f te r  s e v e ra l  days and the am ount of light getting through 
the p la tes  would be d ire c t ly  p ro p o r t io n a l  to  the inhibiting power of the 
fungicide being te s te d .  A p re l im in a ry  t e s t  was ru n  to  de te rm in e  the 
feas ib il i ty  of th is  m ethod and the r e s u l t s  ind ica ted  tha t i t  was p ra c t ic a l  
if the various  steps in the opera tion  w ere s tan d a rd ized .
G reenhouse  te s ts  for co n tro l  of pink roo t.
The p r im a ry  objective of the g reenhouse te s ts  of fungicides was to 
see  if  a c o r re la t io n  betw een la b o ra to ry ,  g reen h o u se , and f ie ld  te s ts  would 
r e s u l t  in lessen ing  the n e c e s s i ty  fo r  ex tensive  fie ld  te s ts  which a re  tim e 
consum ing, expensive , and dependent on the w ea th e r .  In other w ords , if 
i t  could be shown th a t  the behav io r  of fungicides in  the g reenhouse  would 
be duplicated  in subsequen t f ie ld  t e s t s ,  the n um ber of m a te r ia ls  te s te d  in 
the f ie ld  could be red u ced  to a s e le c t  num ber of very  p rom is ing  fungi­
c id e s ,  and  the m a jo r i ty  of m a te r ia ls  could be sa fe ly  e l im in a ted  by la b o r a ­
to ry  and  greenhouse  te s tin g .
The sand  cu ltu re  m ethod  of te s ting  fungicides in the g reenhouse  was 
adapted  by D r .  E .  C. T im s f ro m  the m ethod u se d  By G o ren z , e t .  a l .  (22). 
One advantage of th is  m ethod is th a t  pink ro o t  developm ent is u sua lly  m ore  
se r io u s  in sand  cu ltu re  than in so il  and  it  thus p rov ides  a m ore  se v e re
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te s t  of any fungicide 's power to control pink roo t. A lso, the inoculum is 
s tandard ized  and consequently the pots making up the different r e p l ic a ­
tions and trea tm en ts  will a l l  be of equal d isease  potential. Steps were 
taken to insure  that the te s ts  would be run  under as n ea r ly  un ifo rm  con­
ditions as poss ib le . E ach  isolate  used  to in fes t the sand was subcultured  
a t  the same tim e , the m edium  was p rep a red  in one batch, and a l l  pots 
were w atered  as uniform ly  as possible and given un ifo rm  heat and light.
E a r l ie r  greenhouse te s ts  fa iled  because  the iso la tes  used  to infest 
the sand lost th e ir  pathogenicity. This was avoided in the la s t  s e r ie s  of 
te s ts  by using 5 iso la tes instead  of one and not subculturing them  more 
than once. These precautions re su lted  in a high degree of infection in 
the s e r ie s  of te s ts  begun in the spring  of 1958 and which ran  through 
e a r ly  sum m er.
T w enty-three  out of the 50 fungicides te s ted  in sand culture reduced  
the incidence of pink ro o t  to 1 per cent or le s s .  Of these  23, 16 produced 
highly significant inhibition and 2 produced significant inhibition of the 
pink roo t fungus in the modified f ilte r  paper disc te s ts .  Of the 5 tha t did 
not produce significant inhibition in this labora to ry  te s t ,  4 yielded highly 
significant re su l ts  in the agar plate t e s t s .  The rem aining m a te r ia l  had no 
significant effect on P yrenochaeta  t e r r e s t r i s  in e ither  lab o ra to ry  te s t .
The f i l te r  paper disc t e s t  was a lm ost 60 per  cent c o r re c t  in a p ­
p ra is ing  the value of 50 fungicides in controlling pink root in subsequent 
greenhouse te s ts .  The ag a r  plate method was slightly  m ore accura te
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than  the fo rm e r  t e s t  but these  r e s u l t s  have to be view ed w ith  som e cau tion  
due to  the unusua lly  high n u m b er of fungicides th a t  k il led  the pink ro o t  
fungus when te s te d  by u se  of th is  m ethod .
E v id en tly  the 2 la b o ra to ry  m ethods u se d  in the p r e s e n t  s tudy can 
not be c o n s id e re d  as  com ple te ly  re l ia b le  sc re e n in g  m ethods . The p h o to ­
m e t r ic  m ethod  w hich  m akes u se  of th e se  2 m ethods m igh t prove m ore  
a c c u ra te  in allowing us to sa fe ly  e l im in a te  non -e ffec tive  fungicides f ro m  
fu tu re  g reenhouse  and  fie ld  te s t in g .  T im e  ra n  out how ever b e fo re  we 
w ere  able  to develop  th is  m ethod  fu r th e r  and  use  i t  to  t e s t  the fungicides 
a l r e a d y  te s te d  by  the a g a r  p la te  and  m odified  f i l te r  p ap e r  d isc  m ethods .
Nine out of 20 fungicides w hich  re d u c e d  the incidence  of pink ro o t  to 
1 p e r  cen t  or le s s  in  san d  cu ltu re  a t  1000 ppm . gave s im i la r  r e s u l t s  when 
te s te d  a t  200 ppm . Only 3 of th e se  20 fungicides s ig n if ican tly  inh ib ited  
P y re n o c h a e ta  t e r r e s t r i s  when te s te d  a t  200 ppm . by  the m odified  f i l te r  
p a p e r  d isc  techn ique .
B efo re  the tru e  w o rth  of the r e s u l t s  of the g reen h o u se  te s ts  could 
be a s s e s s e d ,  i t  was n e c e s s a ry  to co m p are  the r e s u l t s  of the g reenhouse  
te s ts  w ith  those obta ined  by te s ting  p ro m is in g  fungic ides in  the f ie ld .
T e s ts  w ere  e s ta b l is h e d  in 2 p a r is h e s  in la te  S e p te m b e r ,  1957 and  a t  the 
L . S. U. H ill F a r m  in e a r ly  M arch , 1958, bu t they  w ere  a l l  u n su c c e s s fu l  
due to the lack  of d is e a se  deve lopm ent. A th i rd  s e r i e s  of te s ts  was put 
out in e a r ly  A ugust, 1958 a t  3 f a rm s  in 2 p a r is h e s  bu t a l l  3 fa i led  b ecau se  
pink ro o t  did not develop. This lack  of d is e a se  deve lopm ent m ay well
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have been caused  by  the a lm o s t  daily  ra in s  th a t  fe l l  a f te r  the te s ts  w ere 
pu t out.
It cannot be sa id  however th a t  s c reen in g  in the la b o ra to ry  should 
be d ispensed  with in favor of sand  cu ltu re  te s ts  in the g reen h o u se .
T hese  te s ts  s t i l l  have a place because  they  do give the r e s e a r c h  w orker 
som e idea of what to  expect f ro m  a given lot of fungicides when they a re  
te s te d  in sand  cu ltu re  or in the fie ld .
S T U D IE S  W ITH CHE MO T HE R A P E  UT A N T S
C ontro l of pink roo t by chem otherapeu tic  m eans is s t i l l  a  long way 
off. T his fac t  was r e a l iz e d  before  th is phase of the p re s e n t  s tudy was 
u n d e r tak en  but a s t a r t  has to be made so m ew h ere . We began by tes ting  
29 chem otherapeu tan ts  fo r th e ir  ab ility  to inhibit the pink ro o t  fungus in 
the a g a r  plate  techn ique . Twenty-two of th ese  compounds cau sed  highly 
s ign if ican t inhibition. T h is  num ber se e m e d  som ew hat higher than  should 
be expec ted  and consequently  these  29 m a te r ia ls  were te s te d  again  using 
the m odified f i l te r  paper d isc  techn ique . Only 8 out of the 29 ch e m o ­
th e rap eu tan ts  cau sed  sign ifican t inhibition of the pink ro o t  fungus in these  
t e s t s .  This may have been  due to  th e i r  insolubility  in w a te r .
A lthough only 8 of the m a te r ia ls  gave p ro m is in g  r e s u l t s  when the 
m odified f i l te r  p ap e r  m ethod was u se d ,  the en tire  lot of 29 w ere  te s te d  
in sand  cu ltu re  in the g reen h o u se . This was done because  it  is known 
tha t some chem otherapeu tan ts  e x e r t  th e i r  d isea se  su p p ress in g  effect 
a f te r  they  a r e  taken into the p lan t. The s e r ie s  of g reenhouse  te s ts  involving 
the t r e a tm e n t  of pink ro o t  suscep tib le  onion seed lings by im m ers in g  the 
pots in which they w ere  grow ing in solutions of chem otherapeu tan ts  gave us 
no r e s u l t s  of value because  the iso la te  la te r  u se d  to  in fe s t  the pots s u d ­
denly lo s t its  pathogenic ity .
3h ano ther s e r i e s  of greenhouse  t e s t s ,  the 29 chem ica ls  w ere  te s te d  
a s  d renches  in sand  c u l tu re .  None of the m a te r ia ls  reduced  the incidence
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of pink ro o t to 1 per cent or le s s .  However this type of te s t  is not a 
m easu re  of system ic  action since the chem otherapeutant is brought into 
contact with the p a ra s i te  outside the host t is su e s .  Time ra n  out before 
any of these  m a te r ia ls  could be tes ted  by im m ersing  onion seedlings in 
solutions of them  and allowing th e ir  uptake p r io r  to the introduction of 
the pathogen to the pots of t re a ted  seedlings.
F ie ld  te s ts  with chem otherapeu tan ts .
S evera l chem otherapeutants were te s ted  under field  conditions to 
gain some idea of th e ir  possible action towards shallots and the pink 
root fungus. The re su lts  were la rg e ly  negative but in a few iso la ted  in ­
stances a significant reduction of the d isease  was evidently achieved. 
Although a lm o st no positive re su l ts  were obtained in our field te s ts  with 
chem otherapeutants we believe that a s ta r t  has been made in the r ig h t  
d irec tion .
• <
T e s t  of 23 wetting, sticking, and penetrating  a g e n ts .
This te s t  was run  in o rder  to  find a m a te r ia l  that would inc rease  
the amount of s trep tom ycin  sulfate that would adhere to onion plants and 
penetra te  the ep id e rm is .  Only one of the 23 m ate r ia ls  u se d  in this te s t  
p e r fo rm ed  a t  a l l  sa tis fac to r i ly .  This m a te r ia l  was the solvent f ro m  
-Goodrite Vinyl R esin  Latex S ticker, and its use re su lted  in a recovery  
of 13 ppm . of s trep tom ycin  sulfate com pared  to 1 ppm. for the w ater 
check. Although this re c o v e ry  is not good since the plants were sp rayed
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with. 1000 ppm . of the an tib io tic , i t  is enough for chem otherapeu tic  
s tud ies and an  in c re a s e d  concen tra tion  of an tib io tic  in the s p ra y  solution 
might in c re a s e  the am ount re c o v e re d  in the lea f  e x t r a c ts .
Study of the uptake of s trep to m y c in  sulfate  by young onion p lan ts .
One popular method of in troducing chem otherapeu tan ts  into plants 
is to place th em  in solutions of these  m a te r ia ls  and allow  the ro o ts  to 
take them  up. Although this m ethod is not a ltoge the r  p ra c t ic a l  for co n tro l  
of pink ro o t ,  a study was undertaken  of the abso rp tio n  of s trep to m y c in  
sulfate by young onion p la n ts .  T h is  was done to de te rm ine  ju s t  how m uch 
of the an tib io tic  would be a b so rb ed  and  tra n s lo c a te d  to  the leaves over a 
p e r io d  of t im e . The re s u l ts  of th is investigation  w ere  quite c o n tra d ic to ry  
and did not fa ll  into any definite p a t te rn .  This ex p e rim en t should  be r e ­
p ea ted  to  see if  the e r r a t i c  r e s u l t s  would be obtained a second  t im e .  U n­
fortuna te ly , th e re  was not suffic ien t time to do th is .
SUMMARY
One object of the p re se n t  study was to find a chem ical con tro l for 
pink ro o t  of onions and sha llo ts . This phase of the investigation was 
in itia ted  with the labo ra to ry  tes ting  in P e t r i  d ishes of 46 chem icals  for 
their phytotoxicity towards onion seed . F if teen  of these  m a te r ia ls  
sc reen ed  in the labora to ry  and found to be nonphytotoxic were tes ted  
in the greenhouse a t  the sam e concen tra tions. They were applied as 
drenches to pots of sand subsequently sown with onion seed . Stand 
counts indicated tha t only 2 of the 15 m a te r ia ls  were phytotoxic a t  con­
centrations which did not in jure the onion seedJEn V itro .
A fter these phytotoxicity te s ts  were com pleted , labo ra to ry  s c r e e n ­
ing of 54 fungicides, m ost of them  recen tly  re le a se d ,  was begun using the 
ag a r  plate method. T h ir ty -e igh t out of the 54 fungicides te s ted  by this 
method inhibited the pink roo t fungus to a degree that was highly s ign if i­
cant. Four other m a te r ia ls  produced significant inhibition.
In view of the fact that so large  a num ber of fungicides had inhibited 
the pink roo t fungus, i t  seem ed  to be a good idea to r e te s t  them  in the 
lab o ra to ry  using som e method of sc reen ing  other than the agar plate 
techn ique .
The f i l te r  paper disc technique developed to te s t  an tib io tics  had 
been modified to allow  the te s ting  of fungicides by using ag a r  seeded  with 
fungal spores  instead  of b a c te r ia l  c e l ls .  Since m ost iso la tes  of
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P y re n o c h a e ta  t e r r e s t r i s  do no t p roduce  s p o re s ,  th is  m ethod had to  be 
fu r th e r  m odified  by using m a c e ra te d  m y ce liu m  f r o m  c u ltu re s  of the pink 
ro o t  fungus to se e d  the a g a r .  The sam e  54 fungicides te s te d  by the a g a r  
p la te  m ethod  w ere  te s te d  fo r th e i r  ab il i ty  to k i l l  P y re n o c h a e ta  t e r r e s t r i s  
u s in g  the m odified  f i l te r  p a p e r  d isc  techn ique . The r e s u l t s  showed tha t 
25 m a te r ia ls  y ie lded  highly s ig n if ican t r e s u l t s  when te s te d  by the la t te r  
m ethod.
T he la b o ra to ry  sc re e n in g  of ch em ica ls  for th e ir  ab il i ty  to  k i l l  the 
pink ro o t  fungus was followed by te s t in g  50 of th e m  in the g reen h o u se .
The san d  cu ltu re  m ethod of te s tin g  fungicides in  the g reenhouse  was u se d  
in the p r e s e n t  s tudy . Our f i r s t  t e s t s  using  this m ethod  fa iled  b e c a u se  the 
iso la te s  u se d  to in fe s t  the  sand  lo s t  th e ir  pa thogen ic ity . T h is  was avoided  
in the l a s t  s e r i e s  of te s t s  by  using 5 iso la te s  in s te a d  of one and  not s u b ­
cu ltu ring  th e m  m o re  than  once. T w e n ty - th ree  out of the 50 fungicides 
te s te d  in sand  cu ltu re  re d u c ed  the incidence  of pink ro o t  to one p e r  cen t 
o r  l e s s .  Of th ese  23, 16 p ro d u ced  highly s ig n if ican t  inhib ition  and  2 p r o ­
duced s ig n if ican t inh ib ition  of the pink ro o t  fungus in the m odified  f i l te r  
p ap e r  d isc  t e s t s .  Of the 5 th a t  did not p roduce  s ig n if ic an t  inh ib ition  in 
th is  la b o ra to ry  t e s t ,  4 y ie lded  highly s ign if ican t r e s u l t s  in  the a g a r  p la te  
t e s t s .  The rem a in in g  m a te r ia l  had no s ign if ican t e f fec t  on P y re n o c h a e ta  
t e r r e s t r i s  in e i th e r  la b o ra to ry  t e s t .
F ie ld  te s ts  w ere  e s ta b l ish e d  in 2 p a r is h e s  in  la te  S e p te m b e r ,  1957 
and  a t  the L . S. U. H ill F a r m  in e a r ly  M arch , 1958. T h ese  te s ts  w ere
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u n su c c e s s fu l  due to the la c k  of d ise a se  developm en t. A th i rd  s e r i e s  of 
te s ts  w ere  put out in e a r ly  A ugust of 1958 a t  3 fa rm s  in 2 p a r is h e s  but 
a l l  3 te s ts  fa iled  b ecause  pink ro o t  did not develop.
A lthough the co n tro l  of p lan t d ise a se  th rough  the use  of c h e m o ­
th e ra p eu ta n ts  is. a  long way off, s tu d ies  w ere  c a r r i e d  out w ith  these  
m a te r ia ls  to  d e te rm in e  th e i r  e ffec t on the pink ro o t  fungus. We began 
by te s ting  29 ch em o th e rap eu tan ts  fo r th e ir  ab il i ty  to inhibit P y re n o c h a e ta  
t e r r e s t r i s  in a g a r  p la te  t e s t s .  Tw enty-tw o of these  compounds cau sed  
highly s ig n if ican t inhib ition . This n um ber se e m e d  som ew hat h igher than 
should  be expec ted  and  consequen tly  these  29 m a te r ia ls  w ere  te s te d  aga in  
us ing  the m odified  f i l te r  p ap e r  d isc  techn ique . Only 8 of the 29 c h e m o ­
th e ra p eu ta n ts  cau sed  s ign if ican t inhibition of the pink ro o t  fungus in 
th e se  t e s t s .
A lthough only 8 of the m a te r ia ls  gave p ro m is in g  r e s u l t s  when the 
m odified f i l te r  p ap e r  d isc  m ethod  was u se d ,  the e n t i re  lo t of 29 w ere  
te s te d  in  san d  cu ltu re  in  the g reen h o u se .  T h is  was done becau se  i t  is 
known th a t som e ch em o th e rap eu tan ts  e x e r t  th e i r  d is e a se  su p p re ss in g  
e ffec t  a f te r  they  a r e  taken into the p lan t .  The s e r i e s  of g reenhouse  te s ts  
involving the t r e a tm e n t  of pink ro o t  su scep tib le  onion seed lings  by i m ­
m e rs in g  the pots in  which they  w ere  grow ing in so lu tions of c h e m o th e ra ­
peu tan ts  gave no r e s u l t s  of value b ecau se  the iso la te  la te r  u sed  to in fes t 
the pots suddenly  lo s t  its  pa thogen ic ity .
In ano ther  s e r ie s  of g reenhouse  t e s t s ,  the 29 ch em ica ls  w ere  te s te d
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as d renches in sand cu ltu re . None of the m a te r ia ls  reduced  the incidence 
of pink ro o t to 1 p e r  c<?nt or l e s s .
S ev e ra l  chem otherapeutan ts  'were te s ted  under f ie ld  conditions to 
gain som e idea of the ir  possib le  action  tow ards shallo ts  and the pink 
roo t fungus. The re su l ts  of these  te s ts  were la rg e ly  negative but in 
a few iso la ted  instances a significant reduction  of the d isease  was e v i­
dently achieved.
In addition to testing  chem otherapeu tan ts  for th e ir  ab ility  to con­
t ro l  pink roo t, studies of a m ore basic  na tu re  w ere a lso  undertaken . One 
of these was a te s t  of 23 wetting, s ticking , and pene tra ting  agents in 
o rd e r  to  find a m a te r ia l  that would in c re a se  the am ount of s trep tom ycin  
sulfate that would adhere  to onion plants and p ene tra te  the ep id e rm is .
Only one of the 23 m a te r ia ls  u se d  in this study p e rfo rm ed  a t  a l l  s a t i s ­
fac to r i ly .  This m a te r ia l  was the solvent f r o m  Goodrite Vinyl R esin  Latex 
S ticker, and its use re su l te d  in a re c o v e ry  of 13 ppm . of s trep tom ycin  
sulfate com pared  to 1 ppm . for the w ater check.
A study was a lso  made of the uptake of s trep tom ycin  sulfate by 
young onion p lan ts . This was done to de te rm ine  ju s t  how m uch of the 
antibiotic  would be ab so rb ed  and tra n s lo c a ted  to the leaves over a period  
of t im e . The re s u l ts  of this investigation w ere quite con trad ic to ry  and 
did not fa ll  into any definite p a t te rn .
A nother object of the p re se n t  study was to investiga te  c e r ta in  
c u ltu ra l  a sp ec ts  of P y renochae ta  t e r r e s t r i s .  In one investiga tion , the
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pathogenicity of 91 m ycelia l iso la tes of Pyrenochaeta  t e r r e s t r i s  f ro m  one 
infested field in Chack Bay, Louisiana was determ ined in a te s t  in the- 
greenhouse. It was found that the iso la tes va r ied  a g re a t  deal in the ir  
ability  to  a ttack  onion ro o ts .  They could be fa ir ly  evenly sep a ra ted  into 
each of the 4 d isease  categories used  to r e c o rd  the d isease  development 
on the roots of the onion seedlings grown in pots of infested sand.
F ifteen  single spore iso la tes fro m  a single pycnidium produced 
In Vitro by a highly pathogenic culture of Pyrenochaeta  t e r r e s t r i s  were 
te s ted  for virulence in sand cu ltu re . A ll 15 iso la tes  were found to be 
highly pathogenic. The average d isease  index for the group as a whole 
was 100.0, com pared  to 87.2 for the p a ren t  iso la te .
A study was undertaken of the growth of iso la tes  of Pyrenochaeta  
t e r r e s t r i s  a t  pH levels 4, 6, and 8 in modified Czapek 's m ed ium . S ta t is ­
tica l analysis  of the re su l ts  of this experim ent revea led  that there  were 
highly significant d ifferences in growth. This m eant that a given isolate 
did not grow the sam e am ount a t  each  pH level and tha t there  were d if fe r ­
ences in growth among the 3 iso la tes  a t  each  pH level.
Ninety-one m ycelia l iso la tes of P yrenochaeta  t e r r e s t r i s  were grown 
on beanpod ag a r  slants for 5 7 days a t  2 7° C. A t the end of this time they 
were exam ined under a b inocular dissecj^ng m icroscope and it was found 
that 8 of them  had produced pycnidia. Ten other iso la tes had produced 
pycnidium -like bodies c h a rac te r iz e d  by a lack of spo res  and se tae . The 
mean d isease  index ra ting  for the 18 iso la tes  which had produced pycnidia
115
o r  pycn id ium -like  bodies was 73 .5 . T h is  f igu re  is  m uch  h igher than  that 
fo r  the 91 iso la te s  taken as a  whole, v iz .  53. 1, and  a lso  g r e a te r  than  48. 1, 
the m ean  for the 73 iso la te s  tha t did not p roduce  pycnidia  or pycn id ium - 
like b o d ie s .
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APPENDIX
L is t  of the M ate r ia ls  Used in the T e s ts  R eported  in This Study-
M ate r ia l
Active
Ingredien t Manufa c tu r  e r
A chrom ycin  HC1
A cti-d ione
A cti-d io n e , a ce ta te  der,
A cti-d io n e , a c e to - 
ace ta te  d e r .
A cti-d ione , methyl 
hydrazone d e r .
A cti-d io n e , oxime d e r .
A c ti-d ione , s e m ic a rb a -  
zone d e r .
A cti-d io n e , th io se m i-  
carbazone  d e r .
A grfm ycin  100
A grim yc in  500
chclohexim ide
L ed erle  L ab o ra to ry  
The Upjohn Co.
15% s trep to m y c in  
1. 5% te r ra m y c in
C has. P f iz e r  & Co.
1 0% s trep to m y c in
10% copper, 1% te r r a m y c in
A m e r .  Cyan. E .F .5 2 2 3  70% n -d o d ecy lg u an i-
dine ace ta te
A m e r .  Cyan. E . F .  12607 
A m e r .  Cyan. E . F .  23441 
A nisom ycin
A ureom ycin  C h lo rte tracy c lin e
A m e ric an  C yanam id Co.
C has . P f iz e r  & Co. 
L ed erle  L a b o ra to ry
B .  B .  67 1.85% m ethyl Hg n i t r i le  Chipm an Chem . Co, 
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Active
M ateria l______________________Ingredient____________________M anufacturer
Cadminate 60% cadm ium  succinate M allinckrodt Chem. Wks .
Calo-C lor 60% m ercurous chloride "
3 0% m ercu r ic  chloride
Chem agro C-272
Chemagro D-113,
20% WP
Chemagro D-121,
20% WP
2 -A mino -4 -(E thylthio} - 
butyric  ac id  Monsanto Chem. Co.
A cra lien  Phenyl 
Hydrazone "
4 -E thylthio-2-O H - 
butryomide 11
i i
CP 10616 "
Crag E . F .  224 H g-Z inc-C hrom ate
Complex, 83% Carbide & Carbon C. Co.
Crag E . F .  5400 75% N -dim ethylth io-
form am ide "
Dithane D-14 19% disodium ethylene
bisdithio carbam ate  Rohm & Haas Co.
Dow M -244 Dow Chem. Co.
Dow M-245 Dow Chem. Co.
Exp. Chem. 1182 chlorodim ethylphe-
noxyethanol Carbide & Carbon C. Co.
CP. 8525 
CP 8621 
CP 9425 
CP 10512
Chemagro Corp.
Chemagro Corp.
t i
f123
M ate r ia l
Active
Ingredient M anufac tu rer
G riseofu lv in  M erck  & Co.
H exachlorobenzene WP 40% hexachlorobenzene Panogen , Inc.
Kr omad 16% te tra m e th y l  th iu ra m  
disu lfide , 5% cadm ium  
seb aca te ,  5% p o ta s s iu m  
chrornate , 0.5%
a u ra  mine M ailinckrod t Chem . Wks.
Manzate
M eraa MN 
M ema RM
70% manganous e th y len e - 
b isd ith io ca rb am ate  DuPont & Co.
1.5% methyl Hg n i t r i le  Chipman Chem. Co.
4 . 88% methoxyethyl 
Hg ace ta te  "
M erck  O rganic  C adm ium  
Fungicide H258A
MM 21
MSG 1
MSG 2
MSG 3
MSG 4
MSG 40
dithiooxamide
N ,N  -d idodecylth io- 
oxamide
'N , N'*' -bis( 2 -hydroxy - 
ethyl)-dithiooxam ide
1
N ,N  -d i(carboxym ethy l)-  
dithiooxamide
l
N , N -dim e thyldithio - 
oxamide
N, N* -d ifu rfu ry ld ith io -  
oxamide
M erck  & Co.
M allinckrod t Chem . Wks.
My co s ta tin Olin M athieson Chem . C,
N eom ycin  sulfate L ed er le  Lab.
M ateria l
A c t iv e
Ingred ient Manufa c tu re r
Olig o my c in
Olin Mathieson Chem. 
#G~1143
Omadine, copper d e r .
Omadine, disulfide der .
Omadine, f e r r ic  de r .
Omadine, manganese 
de r .
Omadine, sodium  der. 
Omadine, zinc d e r .  
Ortho Phaltan  50W 
P 165
Panogen 15
P ittsb u rg h  B-1843 
P o ta ss iu m  penicillin  
P u ra t ized  1143
P u ra tized  1180
PVP Iodine 
RE 4334
d er .  of 2 -pyrid ine th i-  
onine -1 - oxidd
d e r .  of n
d e r .  of 11
d e r .  of "
de r . of "
de r . of "
2 .2  % me thyl Hg 
dicyandiamide
carbam ate  d e r .  of a 
qua te rnary  am m onium  
compound
bisd ith iocarbam ate  d e r .  
of a qua te rnary  a m ­
monium compound
polyvinylpyrrolidone
Iodine
N - methyl -N -n itr  os o - 
n -buty lcarbam ate
Chas. P f ize r  & Co.
Olin M athieson Chem. C.
11
I f
II
I 1
II 
f I
Calif. Spray  Chem. Corp. 
Chas, P f ize r  & Co.
Panogen, Inc.
Chemagro Corp.
Chas. P f ize r  & Co.
Gallowhur Chem. Corp.
tt
G eneral Aniline Co.
Calif. Spray Chem. Corp.
M a te r ia l
A c t i v e
I n g r e d i e n t M an u fac tu re r
S tauffer N-244 
Stauffer N-521
S trep to m y cin  su lfate  
740 m eg. p e r  mg.
T e r ra m y c in  HCl 
Thioneb 50W 
WO 4778
8-O H -7 - Iodoquinoline - 
5 -su lfonic  ac id
8-OH-Quinoline su lfate
8 -Q u ino lino l-su lfa  - 
m ate
40% 3 -p-chJLor ophenyl- 
5 -m ethy lrhodan ine  S tauffer C hem . Co.
te t ra h y d ro -3  j 5 -d im ethy l - 
2 H -1 ,3 ,5  - th iad iaz ine  - 
2 -th ione 11
C has . P f iz e r  & Co.
HCl d e r .  of oxy te tra  - 
eye line "
50% polyethylene 
th iu ra m  su lfides  U. S. R ubber Co.
1% m ethyl Hg h y d ro x ­
ide
8 -O H -7 -Iodoquinoline - 
5 -su lfon ic  ac id
8 -OH-Quinoline su lfate
8 -Q uino lino lcsu lfa -  
m ate
Panogen , Inc.
M eta lsa l ts  C orp . 
M allinck rod t C hem . W ks.
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